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Review of the literature supports the view 
that occurrence of multiple myeloma in 
members of the same family is apparently 
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exceptional. The event is not mentioned in 
extensive recent monographs dealing with 
the hereditary aspects of leukemic diseases * 
or, more specifically, with the subject of mul- 
tiple myeloma.+ To our knowledge there are 
only two reported instances of family inci- 
dence of multiple myeloma. Geschickter and 
Copeland "' cite Dornvick as stating that he 
observed a patient of multiple myeloma 
whose brother had already been reported as 
suffering from the same disease by Stoknis 
and Kuhne. Meyerding *? has described a 
case in which the patient’s aunt, not available 
for examination, had suffered from a patho- 
logic fracture of the leg. Both cases are, at 
best, poorly documented. It is not clear 
whether Limarzi’s statement '* as to the oc- 
currence of myeloma in two members of the 
same family refers to one of the instances just 


cited or to personal observation. 


* References 1, 2, and 3. 
+ References 4 through 10. 


Fig. 1—One member of 


«ay not available for 
examination 


@= multiple myeloma 
@= abnormal serum 


the first generation (Case 
1, J. K.) and two members 
of the second generation 
N. B.) of the same family 
suffered from multiple my- 
eloma. Another “healthy” 
relative (second genera- 
tion) exhibited serum elec- 
trophoretic changes sug- 
gestive of early myeloma. 


electrophoretic pattern 


(2) killed 


in war 


O= normal 


= 
an 
JK. 
N.B. 
= 
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We have recently studied a patient with 
typical multiple myeloma. Analysis of the 
records available at this institution collected 
enough evidence to indicate that one of his 
relatives had died of multiple myeloma and 
that a third one might have succumbed to the 
same disease (Fig. 1). Investigation of other 
healthy members of this family revealed in 
one member significant alteration of the elec- 
trophoretic pattern of serum proteins and 


Fig. 2 (Case 2).—Mul- “> 
tiple myeloma. A, osteo- . 
lytic area in body of T10. 
B, microscopic field of ver- 
tebral bone, showing in- 
filtration with mature and 


immature plasma cells. 
Reduced about % from 
mag. X 400. 
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elevation of the erythrocyte sedimentation 
rate. The finding appeared rare enough to 
warrant its report. 


REPORT OF CASES 


Case 1—A 58-year-old man was a patient in 
this institution in September, 1922, because of 
severe uremia. He died at home in October. Studies 
of this patient are fragmentary. Patient had weight 
loss and pallor, but no lymphadenopathy, spleno- 
megaly, and hepatomegaly. Physical findings are 
reported (halitosis, skin eruption, hematomas) com- 
patible with uremia. Albuminuria but no cylindruria 
was found. NPN was reported as 152 mg. per 
100 cc.; total protein, as 10.5 gm. per 100 cc. An 
x-ray of the spine showed multiple round osteolytic 
areas. The data available seem to justify a probable 
clinical diagnosis of multiple myeloma. 


Case 2.—The son of Case 1, a retired accountant 
aged 67, was a patient in this institution in 1949 
for right inguinal herniorrhaphy. At that time 
blood and urinary findings were normal. He was 
readmitted in August of 1951 because of weakness 
and severe weight loss of one-month duration. The 
patient had noted dull pain in the right dorsal 
region and multiple painful blisters along the course 
of the seventh right intercostal nerve. Physical 
examination revealed, in addition to the herpetic 
lesions, the presence of a hard, firm mass in the 
right dorsal region extending from the 7th to the 
10th rib along the midscapular line. X-ray studies 
revealed compression fracture of the body of the 
10th thoracic vertebra, multiple osteolytic lesions 
(Fig. 2A) ; a myelogram indicated total obstruction 
to the flow of the dye at the level of T 9. Laboratory 
findings at that time revealed normochromic anemia 
(RBC 2,300,000 per cubic millimeter ; Hgb. 7.4 gm. 
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Fig. 3 (Case 2).—Multiple myeloma. 


A, osteolytic lesions of skull. 


B, section of bone 


marrow showing extensive infiltration with plasma cells. Reduced about % from mag. X 400. 


per 100 cc.) with moderate leucocytosis (WBC 
10,200 per cubic millimeter) and normal differential 
count. Observation of a peripheral blood smear 
showed some rouleaux formation and an adequate 
number of platelets. Blood sedimentation rate was 
reported as 28 mm. in one hour (Wintrobe). Urine 
contained appreciable traces of albumin and granu- 
lar casts. NPN was 36 mg. per 100 cc.; total 
serum protein (Howe) was 9.9 gm. per 100 cc., 
with 3.3 gm. of albumin and 6.6 gm. of globulins 
per 100 cc. Alkaline phosphatase was 3.3 units, 
serum calcium 9.3 mg. per 100 cc., and serum 
phosphorus 3.5 mg. per 100 cc. 

A tentative diagnosis of osteolytic metastatic 
tumor was made and right laminectomy of the 8th, 
9th, and 10th thoracic vertebrae was performed to 
reduce compression of the spinal cord. Histologic 
examination of the removed bone revealed infiltra- 
tion by plasma cells, many of which showed mitotic 
figures (Fig. 2B). Following surgery, the patient 
became incontinent and incapable of voluntary move- 
ments of both legs. He also developed progressive 
heart failure. The nonprotein nitrogen level rose 
progressively to 120 mg. per 100 cc., and the patient 
died on the 10th postoperative day. Autopsy was 
not obtained. No serum electrophoretic pattern was 
available for the determination of the type of 
multiple myeloma. 

Case 3.—The daughter of Case 1, aged 66, com- 
plained of weakness, fatigue, and back pains severe 
enough to prevent bending since March, 1954. Pain 
was aggravated by sneezing and coughing. On 
admission to this hospital in June, the following 
positive findings were obtained: B. P. 170/120 


mm. Hg; considerable limitation to movements of 
extension of both thighs; sharp pain at percussion 
of the spinous processes of L1 and L2. X-ray 
studies revealed extensive demineralization of bone; 
numerous “punched-out” areas of skull (Fig. 3A), 
pelvis, spine, and long bones, and compression frac- 
ture of Ll. Laboratory studies showed normal 
urine; presence of mild anemia (hematocrit reading 
40) and erythrocyte sedimentation rate of 120 mm. 
in one hour (Westergren). Examination of periph- 
eral blood smear showed rouleaux formation and 
abundant number of platelets. Total serum protein 
was 7.2 gm. per 100 cc., with 2.6 gm. of albumin 
and 4.5 gm. of globulins per 100 cc. Serum phos- 
phorus was 3.3 mg. per 100 cc.; calcium, 9.8 mg. 
per 100 cc.; alkaline phosphatase, 5.6 units. Bone 
marrow aspirated from the sternum showed hyper- 
cellularity, relative myeloid hyperplasia, normal 
number of functioning megakaryocytes, and inva- 
sion by clusters of plasma cells, some of them in 
mitosis. 

Urethan therapy was instituted at a dose of 3 gm. 
daily. Four weeks later the leucocyte count had 
dropped to 3600 per cubic millimeter; the dose of 
urethan was then reduced to 1 gm. daily. Patient 
was discharged in August, with advice to continue 
therapy and report periodically for reexamination. 
She was readmitted on April 21, 1955, having fol- 
lowed no therapy and having seen no physician in 
the interval. After temporary improvement pain had 
become excruciating even when moving in bed and 
was greatly exacerbated by cough and pressure. 
Deambulation was impossible. There was severe 
weight loss. 
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Fig. 4.—Electrophoretic 
studies of serum and urine 
in Case 3. Upper strip 
serum ; lower strip: urine. 
Urine was concentrated 
by dialysis against dextrin 
in the cold. Eleetgopho- 
retic migration was deter- 
mined by the method of 
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Durrum.'* Note pathologic increase of 8-globulin in serum and presence of material with mobility of 


a-globulin in urine. Sharp, 
-tart of migration. 


Electrophoretic Studies of Serum in Case 3—Pro- 
tein Fracttons, Protein-Bound Cholesterol, 
Lipoproteins, and Glycoproteins * 


Total protein 8.3 gm 
Cholesterol 


per 100 ce 


18 me. per 100 ec. 


Bound 

Choles- 
Per terol, 
Cent per Cent 


Lipo- 
proteins, 
per Cent 


Glycoproteins 

(Qualitative 

Estimation) 
Decreased 
Normal 
Inereased 
Decreased 


Albumin 19.25 0 
a-globulins 20.35 
8-globulins 40.40 


>-globulins 


Fieures for bound cholesterol and lipoproteins are 
pereentage of these compounds bound to each serum pro 
tein fraction. Protein-bound cholesterol was determined by 
the technique of Magalini and others **; lipoproteins, 
with the method of Durrum and others.’* Glycoproteins 
were studied qualitatively with the method of Kéiw.*? 


Fig 5.—Electrophoretic studies of serum of 
“healthy” sister of Cases 2 and 3. Total protein 
7.2 gm. per 100 cc.; albumin 46% ; a-globulin 14% ; 
8-globulin 18% ; y-globulin 22%. Note relative in- 
crease in a- and §-globulin fractions (normals, 6% 
and 12%, respectively) and decrease in albumin 
(normal, 55% ). 


Physical examination was essentially unchanged 
from the previous admission. X-ray findings con- 
firmed previous results and indicated additional com- 
pression fracture of T 3 and T 4. Blood findings 
were as RBC 4,250,000 per cubic milli- 
meter; Hgb. 13.5 gm. per 100 cc.; hematocrit read- 
ing 41; WBC 5850 per cubic millimeter, with 65 
neutrophiles, 14 monocytes, 3 
eosinophiles, 1 basophile, and 2 mature plasma cells. 
Platelets were 180,000 per cubic millimeter (direct 
method) ; reticulocytes, 0.6% ; erythrocyte sedimen- 
tation rate, 78 mm. in one hour (Westergren). 
Aspiration of sternal bone marrow yielded a hyper- 
cellular preparation. There was moderate depres- 
sion in number of myeloid elements and invasion by 
immature and mature plasma cells (Fig. 3B). NPN 
was 53 mg. per 100 cc.; total protein was 8.3 gm. 
per 100 cc., with 2.7 gm. of albumin and 5.6 gm. of 
globulins per 100 cc. Alkaline phosphatase was 2.9 
Urine examination revealed slight albumi- 


follows : 


lymphocytes, 15 


units. 
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vertical lines are points of application of serum or concentrated urine at 


nuria. No Bence-Jones protein was found in urine. 
Electrophoretic studies of serum (Fig. 4) indicated 
considerable increase of 8-globulin fraction, and of 
cholesterol, lipid, and carbohydrate bound to it 
(Table). Electrophoretic studies of concentrated 
urine showed protein with the mobility of a-globulin 
(Fig. 4). The globulin exhibited positive reaction 
with oil red and periodic acid-fuchsin sulfite 
reagents. The two reagents are considered specific 
for lipoproteins and glycoproteins, respectively. 

Family Studies.—Nine healthy members 
of this family were available for study. Phys- 
ical and urine examinations, complete blood 
counts, determination of erythrocyte sedi- 
mentation rate, and serum electrophoretic 
patterns were conducted in all. All tests were 
normal in eight of the nine subjects exam- 
ined. One member, however, daughter of 
Case 1 and sibling of Cases 2 and 3, aged 60, 
was found to have elevated blood sedimenta- 
tion rate (48 mm. in one hour, Westergren ) 
and abnormal serum electrophoretic pattern 
with increase of the serum a-globulin and 
8-globulin fractions (Fig. 5). <A profile of 
liver function tests was then performed with 
normal results. L. E. test was negative. 
Sone marrow aspiration was refused. 


COMMENT 

The main interest of this report lies in the 
extreme rarity of the finding presented. The 
literature has repeatedly stressed the occur- 
rence of multiple myeloma in families with 
high incidence of other forms of malignancy. 
To our knowledge, however, this instance is 
the first documented example of multiple 
myeloma in members of the same family. The 
diagnosis could hardly be doubted in the two 
members of the second generation in view 
of the clinical, laboratory, and histologic 
findings. The case in the member of the first 
generation does not present equally indis- 
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but the available data 
probably justify the diagnostic conclusion. 
The number of patients and healthy members 
in this family are too limited for genetic 
consideration. 


putable evidence, 


:lectrophoretic studies also supplied other 
interesting findings. Electrophoretic analysis 
of the serum in Case 3 revealed 8-globulin to 
be the fraction. 
Studies of protein-bound cholesterol, lipo- 


pathologically increased 


proteins, and glycoproteins showed their 
highest concentration in the B-globulin frac- 


tion. These findings are essentially in agree- 
ment with those of Sachs and co-workers ™* 
and Magalini and co-workers,'® who found 
the highest amount of protein-bound lipids 


and carbohydrates migrating with the patho- 
logically high serum component. Findings 
in serum are of greater interest in view of the 
detection in the urine (Case 3) of a material 
with the electrophoretic mobility of a-globulin 
and showing positive reaction for lipids and 
carbohydrates. The material recovered from 
this patient was in great excess of a com- 
ponent with similar electrophoretic mobility 
found in normal urine,’® and its staining 
reactions seemed to indicate a close relation- 
ship to the pathologically increased B-globu- 
lin fraction in serum. Intriguing, therefore. 
was the discrepancy in electrophoretic mobil- 
ity between pathological protein found in 
serum and that found in urine of the patient, 
the former exhibiting mobility of B-globulin, 
the latter of a-globulin. Rather than being 
taken to indicate lack of identity between 
urinary and serum pathologic protein, this 
finding should perhaps be considered as 
further evidence for the complexity of inter- 
pretation of electrophoretic data. Variations 
of concentration of the material and presence 
of other fractions may well be able to modify 
the electrophoretic mobility of biologic ma- 
terials. 


Finally, of interest is the detection of ele- 
vated blood sedimentation rate and of abnor- 
mality of the serum electrophoretic pattern 
in one “healthy” member of this family. This 
finding, although of limited extent, could be 
interpreted to represent early manifestation 
of multiple myeloma. This possibility seems 


to be emphasized by the fact that the anomaly 
was represented by increase in the £-globulin 
fraction (as well as in the a-globulin frac- 
tion) in a subject whose sister has multiple 
myeloma with predominant increase of 
8-globulin fraction. It is unfortunate that no 
bone marrow are available which 
could offer further support to this hypothesis. 


studies 


SUMMARY 

Three cases of multiple myeloma were de- 
tected in three members of two generations 
of the same family. Diagnosis was certain in 
two cases, probable in the third one. Studies 
of “healthy” relatives detected one additional 
member in whom anomaly in blood sedimen- 
tation rate and serum electrophoretic pattern 
could be interpreted as evidence of early 
(lisease. 

Electrophoretic analysis of urine in one 
patient detected a protein with mobility of 
a-globulin giving positive reaction for lipids 
and carbohydrates. 

Dr. P. R. Rondeau and Dr. J. Dorsey made the 


records of Case 1 available for study, and Dr. J. H. 
Graham made the pathologic sections available. 
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A Critical Analysis of Thirty-Two Cases Studied at Necropsy 


ROBERT PEACE, M.D., Atlanta 


The only comprehensive reviews of the 
pathologic anatomy of hepatitis and cirrhosis 
in infants are those in German handbooks 
now out of print for more than 20 years,* 
and, since their appearance, posterythroblas- 
totic liver damage, a form of neonatal hepa- 
titis of unknown etiology, and at least two 
types of viral hepatitis have been recognized 
in newborn infants. To correlate the newer 
concepts of infantile liver disease with those 
gained from past experience, a comparative 
study was made of a series of cases of fatal 
liver damage in infants who died in years 
before, and in years after, the introduction 
of antibiotics. The findings of the study form 
the basis of this paper, the purpose of which 
is to define in proper perspective the special 
morphology of forms of reaction to liver 
injury in fetal and neonatal life. 


MATERIALS AND METHODS 


The subjects of this study were infants who 
came to necropsy in the combined services of the 
department of pathology of the Charity Hospital 
of Louisiana at New Orleans in the years 1937- 
1953, inclusive. Approximately 25% of the 21,098 
necropsies during this period were made on infants 
less than 9 months of age. From this group were 
selected cases of liveborn infants whose death was 
due wholly or in large part to liver damage and 
in which a diagnosis or description of any form 
of hepatitis or cirrhosis could be documented by 
histologic preparations. 


Submitted for publication Nov. 23, 1955. 

From the departments of pathology of the Louisi- 
ana State University School of Medicine and the 
Charity Hospital of Louisiana at New Orleans. 

Present address: Laboratory Service, Veterans 
Administration Hospital, 5998 Peachtree Road N. 
E., Atlanta 19. 

* References 1 and 2. 


In all cases the tissues had been fixed in formalin 
and stained with hematoxylin and eosin. Where 
additional histologic preparations were made, they 
were also stained according to phosphotungstic 
acid hematoxylin, Masson’s trichrome green, silver 
reticulin, periodic acid-Schiff, and Prussian-blue 
methods. 


RESULTS OF STUDY 


Thirty-two cases were suitable for pur- 
poses of this study. The average age at time 
of death from all forms of liver damage was 
2% months. There were 7 Caucasians and 
25 Negroes, of whom 16 were male and 16 
female. There was no correlation between 
the form of liver disease and age, race, or 
sex, but the fact that there was no instance 
of posterythroblastotic liver damage was ex- 
plained in part by the preponderance of 
Negroes. Jaundice was the most frequent 
chief complaint, and in almost all cases, 
regardless of the clinical course of the dis- 
ease, it was of the so-called “obstructive” 
type. The commonly used tests of altered 
liver functions could not be correlated with 
histologic lesions, and it seemed that the 
most valuable diagnostic laboratory proce- 
dures were those in hematology and serology. 
Unfortunately, many cases were from years 
before the development of modern clinical 
pathology, and often the patient died before 
laboratory study was complete. 

Without respect to etiology, it was pos- 
sible to form composite clinical pictures of 
both acute and chronic forms of severe liver 
disease in infancy. In the group of acute 
diseases the best examples were cases of 
serum hepatitis. There was a short history 
of two or three days of jaundice, dark urine 
and acholic stools, low-grade fever, and 
progressive abdominal distention. In some 
cases a defect in blood coagulation was mani- 
fest by petechiae, subcutaneous hematomata, 
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from the gastrointestinal 
tract. Frequently a mother complained that 


her infant was “colicky” or had “cramps.” 


or hemorrhage 


Vomiting and diarrhea were occasionally 
encountered. The liver was of normal size 
or only slightly enlarged, soft, and tender. 
The spleen was without constant change. 
Significant lesions of other organ systems 
were infrequent, and in most cases the mecha- 
nism of death was one of simple hepatic 
insufficiency. 

Of the chronic forms of severe liver dis- 
ease the best examples were cases of some 
type of biliary cirrhosis. There was usually 
a fairly long history of several weeks or 
months of either severe jaundice or intrac- 
table vomiting and diarrhea with dehydration. 
\norexia was frequent, and malnutrition was 
the rule. In this group enlargement of the 
liver was marked and often associated with 
dyspnea due to mechanical displacement of 
the lungs and mediastinal viscera. The liver 
was smooth in outline, hard, and not tender. 
Usually there was a prominent network of 
collateral veins in the anterior abdominal 
wall. Ascites and peripheral edema were 
often encountered, and late in the course of 
the disease hemorrhagic tendencies devel- 
oped. In no case were palmar erythema or 
vascular stars observed. In repeated instances 
nonsyphilitic infants in this group were said 
to have rhinitis, osteochondritis, craniotabes, 
or other clinical manifestations considered as 
stigmata of congenital syphilis. There was 
increased susceptibility to respiratory infec- 
tions, and most infants in this group died 
of some form of pneumonia. Other common 
causes of death were exsanguinating hemor- 
rhage into the gastrointestinal tract and 
massive intracranial hemorrhage. Death due 
solely to hepatic insufficiency was infrequent. 
The infants in both groups showed a tend- 
ency to sudden death during or immediately 
after surgical operative procedures or manip- 
ulation incident to paracentesis, passage of 
a gastric tube, or even venepuncture. 


The 32 cases were classified according 
to etiology of the injury to the liver. In most 
cases it was found necessary to revise the 
original anatomic diagnosis, notably in in- 
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stances of viral hepatitis, postcollapse cir- 
rhosis, and cholangiolotic cirrhoses ( Table). 
Obvious examples of extrahepatic biliary 
atresia had been consistently and accurately 
diagnosed, but at the same time diagnoses 
of biliary atresia and cholestatic biliary cir- 
rhosis had sometimes been postulated in other 
cases without convincing gross lesions and 
in the face of inconsistent histopathologic 
features. 

In each of the five categories into which 
the cases were divided, the anatomic lesions 
could be correlated with the clinical history 
of the disease and the physical findings on 
examination of the patient. 


HEPATITIS PostcoLLAPse Cir- 


RHOSIS CONSEQUENT TO PorTAL ok UMBILICAL 


I. BACTERIAL AND 


SEPSIS AND PyeMia (THREE 

The infants in Group I were 30, 36, and 
39 days of age, respectively. Each had the 
syndrome of progressive chronic liver dam- 
age, the outstanding clinical features of 
which were significant daily temperature 
elevation and granulocytosis. In two of the 
infants jaundice had appeared at the end 
of the first week of life, and in the third 
infant it had appeared only the day before 
death, at the age of 36 days. 

In the first case there was purulent ompha- 
litis with associated peritonitis due to a 
8-hemolytic Streptococcus, and in the second 
case there was hemorrhagic enterocolitis and 
peritonitis due to an unidentified bacterial 
organism. In the third case there was no 
gross evidence of portal or umbilical sepsis, 
and the diagnosis of bacterial hepatitis was 
made only after microscopic examination of 
the liver. In all three cases the liver was 
of normal size and weight, reddish-brown 
to yellow, and had cut surfaces marked by 
circumscribed areas of hemorrhagic necrosis. 
In the one instance of gross omphalitis, the 
portal vein was obliterated and there were 
multiple small abscesses within the liver. 

Histologically, all of the livers were char- 
acterized by portal panphlebitis and diffuse 
subacute and chronic inflammation with sub- 
massive lobular necrosis of midzonal origin 
(Fig. 1). All radicles of the portal veins 


FATAL HEPATITIS AND CIRRHOSIS IN) INFANCY 


Comparison of Original and Revised Diagnoses in a Series of Thirty-Two Cases of 
Fatal Liver Damage in Infancy 


Revised Etiologie Diagnoses Original Diagnoses 
I. Bacterial hepatitis, 3 cases “Common duct stricture,” 1* 


“Biliary cirrhosis,”’ 1* 
“Beginning liver necrosis” and ‘multiple liver ab- 


scesses, 


Il. (Congenital syphilitic hepatitis and cirrhosis, 8 cases Congenital syphilitic hepatitis and cirrhosis, 7 
“Acute leukemia with hepatic necrosis,”’ 1 * 
I!!. Viral hepatitis and posthepatitie cirrhosis, 6 cases 
A. Homologous serum hepatitis, 4 cases ‘Biliary cirrhosis due to peritoneal adhesions,” 1 * 
“Obstruction of common duct,” 1* 
“Toxie hepatitis,” 1* 
‘Subacute hepatic necrosis’’ not further specified, 1 + 


“Obstruction of common and cystie ducts,” 1* 
1+ 


= 


. Subacute viral hepatitis of unknown etiology 
with postnecrotic collapse and regenerative egenerative cirrhosis, 
hyperplasia, 2 cases 


IV. Congenitally acquired hepatitis and cirrhosis of un- 
known etiology, 7 cases 
“Hanot’s cirrhosis,” 17 
\. Giant-cell hepatitis, 3 cases 24 


“leterus gravis neonatorum,” 1+ 
“Congenital malformation of the liver,” 1 
KB. Cholangiolotiec hepatitis and cirrhosis, 4 cases 
“Cirrhosis’’ not further specified, 1 + 
“Inteetive biliary cirrhosis,”’ 1 + 
“Dark bile-stained liver’ not further specified, 1 + 


V. Cholestatie liver damage due to malformation of 
biliary tract, cases 


\. Agenesis of intrahepatic bile ducts, 1 case “Infectious hepatitis,’ 1° 
B. Agenesis or atresia of extrahepatic bile ducts, Various forms of agenesis and atresia, biliary cir- 
7 cases rhosis, 7 


* Inecorreet anatomic diagnosis, subsequently changed. 
+ Diagnostic term inapplicable or essentially correct but inadequate, later modified. 


Fig. 1 (Necropsy A52- 
1358 ).—Bacterial hepatitis 
consequent to 8-hemolytic 
Streptococcus infection of 


the umbilicus. There is 
endophlebitis of a sec- 
ondary portal vein, with 
extension of inflammation 
to the fibrous stroma of 
the portal tract. The ar- 
teries and bile ducts 
themselves are not af- 
fected. To the right is an 
area of midzone necrosis 
of parenchymal cells. 
Leitz 16 mm. apochro- 
mat objective; x 130. 


— 
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showed some inflammation, the lesions vary- 
ing from subintimal foci of leucocytes to 
florid endophlebitis with proliferation of 
swollen endothelial cells and obliteration of 
the lumens. In the areas of severer inflam- 
matory reaction, the parenchymal cells of 
the liver had been replaced by vascular 
granulation tissue heavily infiltrated with 
leucocytes and debris-laden histiocytes. This 
process was seen in all stages from frank 
necrosis and abscess formation to cicatriza- 
tion and nodular regenerative hyperplasia of 
surviving liver cells. The degree of formation 
of false bile ducts was variable, but almost 
always the newly formed ducts contained 
plugs of inspissated bile. The liver cells 
were often large and sometimes formed con- 
tinuous, almost syncytial, cytoplasmic masses. 
There were no multinucleated giant liver 
cells such as were seen in association with 
other forms of liver damage. The Kupffer 
cells were prominent and often contained 
phagocytized debris and bacteria. 


II. Concenrrat Sypuititic HEPATITIS AND 
Crrrnosts (Eicut Cases) 


The infants in Group II ranged from 7% 
hours to 3 months of age and with two ex- 


Fig. 2 (Necropsy A48-345).—Florid syphilitic 
hepatitis. There are diffuse interstitial inflammation 
and early fibrosis, with giant liver cells and foci of 
extramedullary myelopoiesis. The parenchymal cells 
are arranged in irregular serrated cords. Leitz 16 
mm. apochromat objective ; reduced about 1/5 from 
mag. X 130. 
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Fig. 3 (Necropsy A51-21).—An unusual form of 
multinucleated giant liver cell in syphilitic hepatitis 
and cirrhosis. There is abundant cytoplasm, and the 
nuclei are regular in size and fewer in number than 
in the giant liver cells in viral hepatitis. Compare 
with Figures 5, 8, and 12. Note the large sinusoid 
emptying into the efferent vein containing nucleated 
erythrocytes. Leitz 4 mm. apochromat objective; 
« 250. 


ceptions showed the syndrome of chronic 
liver disease. One had a negative serologic 
test for syphilis despite florid anatomic le- 
sions of the disease. Most of the infants had 
rhinitis, osteochondritis, and characteristic 
desquamative lesions of the palms and soles. 
Usually there were granulocytosis and 
anemia of varying degrees of severity. 

In these infants the liver was enlarged 
to a degree greater than in any other form 
of hepatitis and cirrhosis studied. It was 
smooth, blotchy red-brown to yellow, and 
firm. The margins were sharp or only slightly 
blunted. There was effacement of the finer 
architectural pattern, and sometimes there 
was diffuse induration of the cut surface 
without definitely localized lesions. Often 
there were yellowish, ill-defined serpiginous 
areas of gummatous necrosis within the sub- 
stance of the liver, and particularly around 
the hilum. In one case there were miliary 
gummata. 

Histologically, all cases showed interstitial 
hepatitis and pericellular fibrosis (Fig. 2). 
The involvement was typically patchy, though 
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in florid cases it was diffuse. In all, the 
lobular pattern was distorted. There were 
serrated cords of compressed and atrophic 
fused liver cells having a “curlicue” appear- 
ance. In active cases the cells had extraordi- 
narily large pyknotic nuclei. There were 
multinucleated giant liver cells in central and 
peripheral lobular zones, rarely in the mid- 
zones (Fig. 3). The spaces between the 
cords were wide, and the Kupffer cells were 
lifted away from the underlying liver cells. 
The spaces thus made were filled with pro- 
teinaceous coagulum in which were occa- 
sional plasmacytes, lymphocytes, strands of 


fibrin, and fibroblasts. The Kupffer cells 
were large and contained little or no stain- 
able iron. The sinusoids frequently showed 
active extramedullary erythropoiesis. In most 
cases the portal areas were increased in size, 
being composed of loose granulation tissue 
heavily infiltrated with lymphocytes and 
plasmacytes. Obliterative endarteritis was 
seen in all cases. New formation of false 
bile ducts was minimal, even in advanced 
syphilitic cirrhosis. The reticulum network 
was intact throughout except in areas of 
gummatous necrosis. In two infants, one 
with acute liver failure and one dead on 
arrival at the hospital, there was acute 
centrolobular necrosis superimposed on the 
older diffuse pericellular reaction. 


AND CIRRHOSIS IN 


INFANCY 


III. HEPATITIS AND PoSTHEPATITIC 

A. Homologous Serum Hepatitis (Four 
Cases).—Each infant in this group had re- 
ceived one or more transfusions of whole 
blood or plasma within two to three and 
one-half months of the onset of symptoms. 
In three cases this occurred within the first 
two weeks of life and was in connection with 
a major surgical operation. In the fourth 
case it occurred in the second month of life 
in the course of treatment of thermal burns. 
In each case there was the sudden onset of 
acute illness characterized by rapidly deepen- 


Fig. 4 (Necropsy A51- 
1019). Homologous 
serum hepatitis in a 2- 
month-old infant. There 
had been submassive ne- 
crosis with postnecrotic 
stromal collapse. A loosely 
knit stroma contains cord- 
like arrangements of sur- 
viving parenchymal cells 
and is heavily infiltrated 
with histiocytes, lympho- 
cytes, and plasmacytes. 
Note scattered foci of 
hemopoiesis. Leitz 16 mm. 
apochromat objective; x 
130. 


ing jaundice and terminating in death within 
a few days. Each of the four infants had 
lymphocytosis and granulocytopenia. 

In all cases the liver was of normal size 
or smaller, yellowish, and firm. Histologi- 
cally the changes were identical with those 
occurring in fulminant viral hepatitis in 
young adults (Fig. 4). There were varying 
combinations of active hepatitis with massive 
or submassive necrosis and postnecrotic col- 
lapse. Appreciable regenerative hyperplasia 
was seen in one case in which the morphology 
of the liver was consistent with that seen in 
clinically subacute hepatitis. Multinucleated 
giant liver cells were also seen in this case. 

B. Subacute Viral Hepatitis (of Unknown 
Etiology) with Postnecrotic Collapse and 
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Fig. 5 (Necropsy A53-459).—Posthepatic cirrhosis of unknown etiology in a 2-month-old 
infant. Prominent multinucleated giant liver cells, in some of which are intranuclear inclusion 
bodies similar to those of herpes simplex. Leitz 4 mm. apochromat objective ; « 250. 


Regenerative Hyperplasia (Two Cases).— 
There were two cases of subacute viral hepa- 
titis with postnecrotic collapse and multi- 
nodular regenerative hyperplasia that did not 
fit into the of either 
hepatitis or serum hepatitis. In these cases 
there was an extreme giant liver-cell re- 
action, and some of the cells contained intra- 


category infectious 


nuclear inclusion bodies similar to those of 


Fig. 6 (Necropsy A53- 
459) —Postnecrotic stro- 
mal collapse and cirrhosis 
with multinodular regen- 
erative hyperplasia. A 
band of collapsed stroma 
separates a cluster of mul- 
tinucleated giant liver cells 
on the left from a hyper- 
plastic nodule on the right. 
Note the bizarre structure 
of the giant cells, the 
newly formed false bile 
ducts, and the structure 
and arrangement of cells 
within the nodule. Leitz 
16 mm. apochromat objec- 
tive; « 130. 


herpes simplex (Fig. 5). In one case, first 
considered to be an atypical example of 
giant-cell hepatitis of the neonatal period. 
there was a history of herpetic stomatitis. 
Clinically, both cases could be summed up 
as the syndrome of progressive chronic liver 
disease. 

In both infants the liver was small, dark, 
bile-stained, and nodular. There had been 
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of submassive trans- 


3ands of alternately loose 


of 
lobular necrosis. 


confluence areas 
and compact stroma separated nodules of 
hyperplastic parenchymal cells of almost 
embryonal appearance and isolated giant 
liver cells disposed singly and in clusters 
(Fig. 6). There were many newly formed 
false bile ducts, and the stroma was heavily 
infiltrated with histiocytes containing phago- 
cytized bile pigment, iron, and cellular debris. 
Looser areas were infiltrated with plasma- 
cytes and contained distended capillaries in 


which were hemocytoblasts and primitive 


Fig. 7 (Necropsy A53- 
459).—Alterations in the 
reticulum net in posthepa- 
titic cirrhosis. 
how dense it is in 
areas of 
loose and 


Observe 
the 
how 


collapse, 
scanty 

the newly formed lobules, 
and how it is arranged in 
thick strands around giant 
liver cells. Foot’s silver 
stain. Leitz 16 mm. apo- 
chromat objective; « 120. 


within 


erythrocytes. The reticulum net was dense 
and collapsed in most places but was open 
and delicate within the newly reconstructed 
lobules (Fig. 7). In some fields the reticulum 
was arranged around isolated giant cells in 
ropy strands. 


IV. Forms or CoNGENITALLY AcQuIRED HEPATITIS 
AND CirrHosis oF UNKNOWN ETIOLOGY 


A. So-Called “Giant-Cell Hepatitis” and 
Posthe patitic of the Neonatal 
Period (Three Cases).—The infants in this 
group were 2 weeks, 3 months, and 4 months 
of age, respectively. All had a history of 


Cirrhosis 


progressive liver failure characterized by 


INFANCY 


deepening jaundice since birth. Two died of 
hepatic insufficiency, and one died of purulent 
meningitis secondary to bilateral otitis media. 
In no case was there a history of parental 
or familial liver disease. 

At necropsy the hepatic lesions were of 
such a complex nature as to leave no alterna- 
tive but to assume that their inception was 
during intrauterine life. Two infants had 
smooth, soft and flabby, moderately enlarged 
yellow-green livers. The cut surfaces had 
normal gross architectural patterns. The 
third infant had a small (96 gm. weight 


he 


compared with a normal weight of 160 gm. ) 
liver that was dark green, firm, and fibrotic. 
This liver cut with a sensation of grittiness, 
and the cut surface had no discernible lobular 
markings. In all cases the gall bladder and 
extrahepatic biliary tract showed no gross 
abnormality. 

Histologically these cases showed three 
different stages in the progression from 
active necrosis to healing and cirrhosis. In 
the case of shortest duration there was active 
hepatitis characterized by centrolobular in- 
flammation and fibrosis, portal inflammation, 
and minimal new formation of false bile 
ducts. Multinucleated giant liver cells were 
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Fig. 8 (Necropsy A39-282).—Giant-cell hepatitis 
of the neonatal period. There is centrolobular in- 
flammation and pericellular fibrosis with complete 
disorganization of the intralobular architectural pat- 
tern. Note the large multinucleated liver cells with 
vacuolated cytoplasm. Leitz 16 mm. apochromat 
objective ; reduced about 1/5 from mag. x 130. 


present in the centrolobular and midzone 
areas, but not in great number or degree of 
pleomorphism. 


In the case representing the intermediate 
phase of the disease, there was collapse and 


condensation of the centrolobular areas, and 
there were many bizarre multinucleated giant 
liver cells (Fig. 8). The intralobular bile 
ducts were dilated and irregular in outline 
but only rarely were occluded by plugs of 
inspissated bile. Formation of false bile ducts 
and portal inflammation were only moderate, 


Fig. 9 (Necropsy A46- 
232).—Cholangiolotic cir- 
rhosis. Dense, stellate por- 
tal tracts with marked 
formation of false bile 
ducts and obliterative 
cholangitis. The intralobu- 
lar pattern is completely 
effaced by compact ar- 
rangements of dysplastic 
liver cells in tubules and 
acinus-like structures. 
Leitz 16 mm. apochromat 
objective; x 130. 
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and the true interlobular bile ducts were 
normal in appearance. The lymph vessels in 
the portal areas were ectatic. 

In the case representing the final and heal- 
ing phase, there was an extreme degree of 
uniform pericellular fibrosis that had fol- 
lowed diffuse necrosis and stromal collapse. 
Giant multinucleated liver cells were scat- 
tered singly and in clusters of two or three 
in a dense, heavily collagenized stroma, 
which was estimated to make up approxi- 
mately 80% of the total liver volume. There 
were infrequent areas of vascularity, with 
dense accumulations of bile-laden histiocytes, 
and, more rarely, foci of extramedullary 
erythropoiesis. There was no remaining area 
of organized parenchymal cells, and no evi- 
dence of regeneration of surviving cells. 
The giant liver cells were uniformly pig- 
mented, olive-green, and frequently contained 
or partially surrounded bits of inspissated 
bile. Sometimes they appeared to have been 
lysed and lay in masses of karyorrhectic 
granulocytes and debris-laden histiocytes. 
The interlobular bile ducts, where identi- 
fiable, showed no evidence of obstruction. 

B. Cholangiolotic Hepatitis and Cirrhosis. 
—Of the infants in this,group, one was one 
month of age, one was*two months of age, 
and two were three months of age. Two were 
siblings born seven years apart. All had the 
syndrome of late chronic infantile liver dis- 
ease. There was no evidence of parental 
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Fig. 10 (Necropsy A51- 
384) —Cholangiolotic cir- 
rhosis. Tubular dysplasia 
and lobular disarrange- 
ment by fibrous septa ex- 
tending in from the portal 
tracts. Note the efferent 
vein with peripheral fibro- 
sis and the primitive blood 
cells within the lumen. 
Leitz 16 mm. apochromat 
objective; 130. 


liver disease or maternal-fetal blood-group smooth, glistening, and bile-stained in vary- 
incompatibility in any case. One of the in- ing combinations of yellow and green. The 
fants died of bronchopneumonia, one of ex- margins were blunted, and there was in- 
sanguinating hemorrhage from a peptic ulcer creased resistance to cutting. The cut sur- 
of the duodenum, and two of hepatic in- faces were distinctly lobulated and sometimes 
sufficiency. greasy. The extrahepatic biliary tract was 


In three cases the liver was moderately patent. 
enlarged, and in one it was somewhat smaller Histologically each showed a very complex 
than normal. In each instance the liver was and distinctive form of diffuse chronic hepa- 


Fig. 11 (Necropsy A53 
638).—Cholestatic biliary 
cirrhosis consequent to 
atresia of the extrahepatic 
biliary tract. Large inter- 
lobular bile ducts contain 
dense laminated plugs of 
inspissated bile. Leitz 16 
mm. apochromat objec- 
tive; x 130. 
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titis and nonsuppurative obliterative cholan- 
gitis with biliary cirrhosis, as described by 
Réssle under the title “cholangiolotic cir- 
rhosis.” * The portal areas were wide, stel- 
late, and usually linked by fine fibrous septa 
to efferent veins within the lobules. They 
were infiltrated with plasmacytes, lympho- 
cytes, and rare bile-laden histiocytes. There 
were large numbers of newly formed false 
bile ducts that were thick-walled, had tiny 
collapsed lumens, and tended to follow the 
ramifications of the portal tracts (Fig. 9). 


Fig. 13 (Necropsy A50- 
4)—Intrahepatic biliary 
atresia. A portal tract has 
no bile ducts. Leitz 16 
mm. apochromat objec- 


tive; x 130. 
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Fig. 12 (Necropsy A53- 
1187). — Multinucleated 
giant liver cells in chole- 
static biliary cirrhosis 
consequent to atresia of 
the extrahepatic biliary 
tract. Note the wide por- 
tal area with marked for- 
mation of false bile ducts. 
Leitz 16 mm. apochromat 
« 130. 


objective 


There were vascular shunts linking efferent 
veins and vessels within the portal areas. 
The efferent veins were frequently dilated, 


invested by fibrous tissue continuous with 
that of the portal areas, and contained clumps 
of primitive blood cells. The fibrous septa 
within the lobules, together with the dysplasia 
of cell plates, produced a very stylized pattern 
identical with that of the oversimplified dia- 
grams of liver structure often used to explain 
bile-pigment metabolism. Test tube-like ar- 
rangements of liver cells abutted on efferent 
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veins, and often one could see tubular lumens 
continuous with the distended intralobular 
hile ducts (Fig. 10). The cytoplasm of the 
liver cells was finely granular or fluffy in 
appearance and contained finely dispersed 
fat and glycoprotein. Near the periphery of 
the lobules the cells often contained granules 
of bile pigment within their cytoplasm, and 
everywhere the cell margins were sharply 
outlined. In only one case was there evidence 
of active inflammation, and this was associ- 
ated with prominent bile-laden giant liver 
cells in the centrolobular areas. Regenerative 
hyperplasia was seen in the one liver that 
was smaller than normal. Iron was increased 
throughout, but present in greatest 
quantities in histiocytes within portal areas 
and in nearby parenchymal cells. 


was 


V. Cuorestatic Liver DAMAGE AND Brmiary Crir- 
rHOsIS Due To CONGENITAL MALFORMATION 
OF THE Bitrary Tract (E1GHt Cases) 

With but two exceptions the cases in 
Group V fell into the category of chronic 
liver damage and were monotonous in their 
similarity, remarkable only because they be- 
came clinically manifest earlier in life than 
is usual. One case of atresia of the extra- 
hepatic biliary tree and one case of in- 
trahepatic biliary agenesis were characterized 
by rapidly progressive secondary liver dam- 
age. Clinically, both were mistaken for acute 
viral hepatitis. 

In cholestatic liver damage consequent to 
atresia or agenesis of the extrahepatic biliary 
tract there was marked formation of false 
bile ducts with preservation and accentua- 
tion of the normal lobular pattern. The portal 
areas were wide, densely fibrotic, and without 
evidence of inflammation. The interlobular 
bile ducts were always dilated and contained 
laminated or homogeneous plugs of inspis- 
sated bile (Fig. 11). Often the intralobular 
hile ducts were also distended and obstructed 
by bile plugs, particularly near the central 
areas. The Kupffer cells were prominent and 
contained bile pigment. The parenchymal 
liver cells near the efferent veins were often 
loaded with bile and lipofuchsin pigment. 
Multinucleated giant liver cells were rare 
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and were associated with a clinical picture 
of rapidly progressive disease. The giant 
cells had uniformly pyknotic nuclei and 
abundant homogeneous cytoplasm ( Fig. 12). 

In the case of intrahepatic biliary agenesis 
there was uniform absence of all secondary 
and smaller bile radicles, the portal areas 
being densely fibrotic and devoid of structures 
other than a rare primary interlobular duct, 
hlood and lymph vessels, and an occasional 
lymphocyte (Fig. 13). There was extreme 
intralobular bile stasis and pigmentation of 
the centrolobular parenchymal cells. There 
were no giant liver cells. 


COM MENT 


Others have also noted, even among ex- 
perienced pathologists dealing with necropsy 
material, a tendency to overdiagnose extra- 
hepatic obstruction in infantile liver diseases." 
Whatever the reasons for this, at least in 
the series of cases reported here the role 
of secondary cholestatic liver damage was 
often overemphasized and the true nature 
of a primary liver disease not recognized. 
Perhaps careful histologic reevaluation of 
other series of cases of supposed biliary 
atresia and cirrhosis would confirm ‘this 
finding and lead to revision of some widely 
held concepts of the prevalence of the disease. 

Bacterial hepatitis, though infrequent, is 
still encountered. The three cases in this 
series from recent years, and the 
infants had been treated with antibiotics of 
one kind or another. Many years ago 
MacMahon and Mallory reported a case 
of streptococcal hepatitis secondary to ompha- 


were 


litis in a newborn infant * and, in pointing 
out the resemblance to the healing phase of 
so-called “acute yellow atrophy” of the liver 
as seen in adults, suggested that some forms 
of cirrhosis might be explained on the basis of 
earlier bacterial inflammation. In this day 
of emphasis on the viral causation of disease 
it is doubtful that many pathologists would 
accept such an explanation, but it is still 
valid, at least in this age group. 

Congenital syphilis has very nearly dis- 
appeared except in the large charity hospitals 
of Southern states, and it is no longer an 
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important cause of hepatitis and cirrhosis in 
infancy. Although the clinical manifestations 
of syphilitic hepatitis can be protean, the 
anatomic lesions are restricted in variety 
and highly specific. In this series there were 
instances of misapplied clinical diagnosis in 
cases from preantibiotic days, but the 
anatomic diagnoses from that period were 
consistently accurate. The only instance in 
which the anatomic diagnosis was missed 


was in 1948. 


It is to be emphasized that there are only 
three known types of viral hepatitis in 
infancy. Infectious hepatitis and herpes sim- 
plex hepatitis are seen in the newborn infant, 
and infectious hepatitis and serum hepatitis 
are seen in the older infant. In each of these 
three types of viral hepatitis there may be 
massive translobular necrosis, and post- 
collapse cirrhosis with regenerative hyper- 
plasia may follow. Further, the lesions of 
hepatitis known to be due to the specific IH 
and SH hepatotropic viruses are no different 
in infancy than in childhood or adulthood. 
The congenitally acquired “giant-cell” hepa- 
titis of the neonatal period is unique in its 
morphologic characteristics, necrosis is con- 
fined to lobular units, it is not followed by 
regenerative hyperplasia, and its etiology is 
as yet unknown. 

Smetana and Johnson* have suggested 
that giant-cell transformation in neonatal 
jaundice is the result of the failure of de- 
velopment of intralobular bile canaliculi, but 
such an explanation is untenable in view of 
the fact that in occasional cases infants with 
“giant-cell” hepatitis recover completely. It 
is difficult to conceive of a congenital mal- 
formation resolving itself by a process of 
delayed maturation. Ehrlich and Ratner’ 
have attributed “giant-cell” hepatitis to iso- 
immunization disease, but it is significant 
that in the two cases forming the basis of 
their report there was no real serologic 
evidence of maternal-fetal blood-group in- 
compatibility, and there were no anatomic 
lesions to suggest erythroblastosis other than 
extramedullary erythropoiesis within the 
liver. In this connection it should be noted 
that extramedullary hemopoiesis within the 
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sinusoids of the liver is common in all forms 
of cirrhosis in infancy, and, even when 
marked, does not necessarily predicate a 
diagnosis of erythroblastosis. As a part of 
extensive alterations of the vasculature in 
the cirrhotic liver there are created shunts 
between portal and central veins, with rela- 
tive isolation of sinusoids in parts of newly 
constructed or damaged lobules. The stag- 
nant blood of low-oxygen content in such 
bypassed sinusoids affords optimum condi- 
tions for erythrocytopoiesis,® and the inherent 
blood-forming capacities of the liver are 
retained and exaggerated beyond that seen 
in the normal newborn infant. 


Cholangiolotic cirrhosis was described by 
Rossle as a rare form of biliary cirrhosis, 
probably of toxic etiology, not associated 
with extrahepatic obstruction and occurring 
only in infants and children. The cardinal 
histopathologic features of this form of cir- 
rhosis have consistently been encountered in 
cases of so-called “galactose diabetes” + and 
“familial cirrhosis.” ** The form of diffuse 
biliary cirrhosis which has been described 
as a consequence of known instances of 
maternal-fetal blood-group incompatibilities 
is a separate entity ** and was not encoun- 
tered in the series of cases reported here. 

It is possible for an exceptional case of 
cholestatic liver damage consequent to biliary 
atresia to resemble in its clinical manifesta- 
tions viral hepatitis. As a rule symptoms in 
these cases begin during the second and third 
weeks of life, or later, and the course of 
the disease is relatively benign until the 
development of irreversible cirrhosis. Al- 
though not rare, jaundice at birth as the 
result of biliary atresia is uncommon because 
bilirubin is excreted from the fetal circula- 
tion through the placenta. Unless there is 
active hepatocellular degeneration or exces- 
sive hemolysis, bilirubin retention is not 
sufficient to cause visible jaundice before 
the second week of life."* 

In this series of cases multinucleated giant 
liver cells were encountered in a variety of 
different forms of reaction to liver damage. 


+ References 9 and 10. 


There were minor cytologic differences which 
distinguished the giant cells in known viral 
hepatitis and neonatal hepatitis (i. e., more 
abundant cytoplasm, greater nuclear ple- 
omorphism, location in central and middle 
zones of the lobules, etc.), but they were 
of little actual value in differential diagnosis. 
It was possible to correlate the presence of 
giant liver cells with a subacute clinical 
course, regardless of the type of injury or 
the anatomic form taken by the reactive 
lesion. 


SUMMARY AND CONCLUSIONS 


In a comparative morphologic study of 
fatal liver damage in infancy, 32 cases were 
selected from the archives of a large general 
hospital so that there would be included 
some from both the years before and the 
years after the near-eradication of congenital 
syphilis, the introduction of antibiotics, and 
the development of modern concepts of viral 
hepatitis. The cases were classified according 
to the etiology of the injury to the liver, and 
in each of the five groups into which they 
fell the clinical and morphologic charac- 
teristics were critically analyzed. In the 
group of cases studied, cholestatic liver dam- 
age and biliary cirrhosis secondary to biliary 
atresia were commonly overdiagnosed. The 
several forms of viral hepatitis and post- 
hepatitic cirrhosis often went incorrectly 
interpreted, even after necropsy, as obscure 
variants of biliary atresia. Examples of 
cholangiolotic hepatitis and cirrhosis had not 
been recognized as such. Interstitial hepa- 
titis and postnecrotic collapse secondary to 
omphalitis and portal pyemia were encoun- 
tered in material from recent years. There 
was not one case of posterythroblastotic liver 
damage that could be substantiated by 
anatomic lesions. Various forms of giant liver 
cells were found in association with syphilitic 
hepatitis and cirrhosis, the viral hepatitides 
and their sequelae, cholangiolotic hepatitis, 
and biliary cirrhosis due to malformation 
of extrahepatic bile ducts. It was possible to 
associate giant liver cells with repeated epi- 
sodes of injury and subacute clinical behavior 
patterns. 
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Dr. Emma Moss, Dr. Charles Dunlap, and Dr. 
John Dent assisted in this study by making availa- 
ble and granting permission to use material from 
cases of infants coming to necropsy in the Inde- 
pendent and Tulane units of the department of 
pathology of Charity Hospital. 
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Fibroangioma 


A Proposed Descriptive Term for Granuloma Pyogenicum, Granuloma Gravidarum, 


Juvenile Angiofibroma, and Urethral Caruncle 


CAPT. V. E. MARTENS 
and 
LT. D. J. MacPHERSON (MC), U.S. N. 


This article is presented primarily to re- 
port four disease processes which we believe 
are closely related, although their distribu- 
tion and clinical behavior vary. There is gen- 
eral agreement that granuloma gravidarum 
(pregnancy tumor) and granuloma pyogeni- 
cum are similar '; however, the similarities 
of juvenile angiofibroma and urethral carun- 
cle have not been previously emphasized, to 
our knowledge. We wish to present histo- 
logical evidence that they are related, and we 
believe that the term fibroangioma is a 
suitable descriptive term for this group of 
lesions. 

A total of 40 granulomata pyogenica, 
24 granulomata gravidarum, 22 urethral car- 
uncles, and 10 angiofibromas of nasopharynx 
were reviewed. Of the 40 cases of granuloma 
pyogenicum, 28, or 70%, occurred in males, 
while 12, or 30%, occurred in females. This 
is a reversal of the figures usually quoted but 
can be substantiated by the fact that our cases 
are selected predominantly from a military 
population. Kerr,’ in his series of 289 cases, 
reported 264 in which the sex was unknown ; 
153, or 58%, were female, and 111, or 42%, 
male. 
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Distribution of Granuloma Pyogenicum 


Shoulder............... 6 Ear lobe...... 1 
3 
3 Gingiva........ 2 
Plantar surface, foot.. 1 Skin, area not stated... 1 


In our series tre lesions of granuloma pyo- 
genicum were not localized to any particular 
part of the body (Table). The age distribu- 
tion was from 15 to 65 years in males and 
from 6 to 35 years in females. We know of 
only one case in which the tumor recurred. 
This probably is not the true incidence of 
recurrence, because many were treated as 
outpatients and the follow-up report is not 
available. Michelson,* Montgomery and 
Culver,’ and Kerr ' all agree that there is a 
marked tendency toward recurrence with 
inadequate surgery but do not quote a def- 
inite recurrence rate. 

The pregnancy tumors (granuloma gravi- 
darum) were all limited to the mucous mem- 
brane of the oral cavity. There was a recur- 
The tumor first 
appeared after the fifth month of gestation 


rence in 6 of the 24 cases. 


in 16 cases ; + of these were in the immediate 
postpartum period. In a 38-year-old woman, 
the oldest in the series, the lesion was 
first seen in the second month of gestation. 
We have no exact information on the seven 
remaining cases. 

The 22 cases of urethral caruncle occurred 
in women, the age range extending from 21 
to 69 years, with no particular concentration 
at any level. Other cases classed as urethral 


caruncle were only urethral mucous mem- 


FIBROANGIOMA 


Fig. 1.—Granuloma py- 
ogenicum. Hematoxylin 
and eosin stain; reduced 
slightly from mag. x 400. 


brane, probably representing prolapse, and 
others were papillomas of the urethra. We 
believe that a definite hemangiomatous ele- 
ment should be present in order to make the 


diagnosis of urethral caruncle. Here again 


the recurrence rate of the lesion is reportedly 
high,® but we noted only one recurrence. 


The 10 cases of juvenile angiofibroma were 
obtained from the files of the Armed Forces 
Institute of Pathology. All the tumors were 


in males. Their ages ranged from 13 to 
24 years, except for one patient, age 55, who 
we believed showed the histologic criteria of 
juvenile angiofibroma. There was a recur- 
rence rate of 50% after surgery. One patient 
was treated with testosterone without bene- 
ficial result. 

In their gross aspects these lesions are 
variable ; the only feature in common is ele- 


vation from skin or mucous membrane sur- 


Fig. 2.—Granuloma 
gravidarum. Hematoxylin 
and eosin stain; reduced 
slightly from mag. x 400. 


on 


Fig. 3.—Urethral car- 
uncle. Hematoxylin and 
eosin stain; reduced 
slightly from mag. x 400. 


. 
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face. The following histological findings 
characterize this group: 1. Marked endothe- 
lial proliferation with production of various- 
sizec vascular spaces; the older lesions have 
larger and fewer channels. 2. A definite 
supporting fibrous stroma; such a stroma is 
present in all these lesions, with a tendency 
to be more prominent in the angiofibroma. 
3. Inflammatory infiltration; this is variable 


‘. 
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and probably not an essential feature. The 
last change is more commonly seen in the 
urethral caruncle and granuloma pyogenicum, 
where ulceration is usually present. 

The histologic similarity of these lesions 
will be noted in the Figures. In all of them 
there are marked endothelial proliferation, 
numerous newly formed vascular spaces, and 
associated fibroblastic proliferation. 


Fig. 4.—Juvenile angio- 
fibroma. Hematoxylin and 
eosin stain; reduced 
slightly from mag. x 400. 
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FIBROANGIOMA 


The histology of the granuloma pyogeni- 
cum (Fig. 1) and granuloma gravidarum 
(Fig. 2) is the same, with the diagnosis in 
the latter case dependent upon the physio- 
logic condition of the patient (pregnancy). 
In both Figures there are relatively well- 
circumscribed areas of connective tissue, with 
endothelial proliferation beneath the epithelial 
surface in the submucosa or corium. In some 
cases the lesion may have a lobulated appear- 
ance. In many cases the summit of the lesion 
may be ulcerated, with vascular spaces at 
the ulcerated margin and the surface covered 
by an inflammatory exudate. When the le- 
sions are ulcerated, there is a heavy infiltra- 
tion of inflammatory cells at the surface, with 
polymorphonuclear leucocytes predominating. 
Plasma cells, large mononuclear phagocytes, 
and occasional lymphocytes are in the deeper 
areas. Recent and old hemorrhagic areas are 
frequently found throughout these lesions. 

The urethral caruncle (Fig. 3) is com- 
posed chiefly of dilated vessels with an inter- 
stitial infiltrate of plasma cells. There is 
marked vascularity and an inflammatory re- 
action. The epithelium is infolded or invagi- 
nated into the stroma, forming crypts. This 
is a prominent histologic characteristic. 
Glands may be seen in the growth, and the 
surface of these lesions is covered either by 
stratified squamous epithelium or transitional 
epithelium, but the two types may be present 
in the same lesion. The vascular reaction of 
these lesions may vary from simple dilatation 
to extravasation, with occasional thrombosis. 

In the juvenile angiofibroma (Fig. 4) 
there are large endothelial lakes and a fibrous 
stroma. In the early, or soft, type the large 
endothelial lakes resemble the cavernous 
variety of hemangioma, with scattered stellate 
fibroblasts in the stroma. In the more ad- 
vanced type of lesion there is diminished 
vascularity and hyalinization, with a pseudo- 
capsule and a firm consistency. The endo- 
thelial blood lakes and fibrous stroma vary in 
amount at different stages of the growth of 
these lesions. In this regard they are similar 
to fibromas located anywhere in the body, 
which tend to become less vascular and more 
fibrous with increasing age. 


COMMENT 


Because of the histological similarity of 
these lesions, we reviewed the literature for 
explanations of their etiology. In granuloma 
gravidarum the popular and natural assump- 
tion is that hormonal imbalance is respon- 
sible. However, that leaves us with the lesion 
granuloma pyogenicum, which is identical 
with granuloma gravidarum, plus two similar 
lesions, juvenile fibroma and urethral car- 
uncle, that have a myriad of reported causes. 
Granuloma pyogenicum has been reportedly 
due to botryomycosis,® streptococcal infec- 
tion,® foreign body,'® high blood pressure and 
trauma.’ We found no evidence of any of 
these in our material. Kerr ' noted that many 
granulomata pyogenica tend to involute while 
others remain for many years without change, 
but it is common for a granuloma gravidarum 
to involute in the postpartum period. 

The hormonal imbalance theory has been 
popular as an approach to the etiology of 
nasopharyngeal angiofibroma. The incidence 
is high in young males, and there is also a 
tendency to regress as maturity is reached.” 
Although one of our cases is a 55-year-old 
man, one can hardly argue against the pos- 
sible presence of endocrine tides during the 
male climacteric. The one case in our series 
which had testosterone treatment showed no 
response. 

Urethral caruncle, too, supposedly has 
many various causes. Among these are ob- 
struction, edema, focal infection, and trauma.® 
There are also intricate anatomic theories, 
such as the persistence of a fibrous ring from 
the corpora spongiosa which originally encir- 
cles the vagina and urethra during embryo- 
logical development.* In Walther’s® series 
of 65 cases all patients but one were married, 
while in our series all were married. How- 
ever, the effect of trauma and infection here 
may well be secondary. 

From the foregoing findings we believe 
that this group of lesions represents a com- 
mon tissue response to a stimulation which is 
not necessarily the same in each process, but 


* Gregoire, R., cited by Palmer, Emmett, and 
McDonald.® 
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the reactions histologically are similar. For 
this reason it is our opinion that they could 
be grouped under a common classification of 
fibroangioma. With further study and inves- 
tigation, other lesions similar histologically to 
this group, no doubt, can be added. 


SUMMARY 

A series of cases including 40 granulomata 
pyogenica, 24 granulomata gravidarum, 10 
angiofibromas, and 22 urethral caruncles is 
presented. The tissue response in this group 
of lesions is similar, and therefore, in our 
opinion, the term “fibroangioma” could be 
applied to these tumors instead of the sep- 
arate classifications currently in use. 
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Histopathogenesis of Aneurysms 
in Lathyrus-Sed Rat 


DONALD G. WALKER, Ph.D., Baltimore 
and 
ZOLTON T. WIRTSCHAFTER, M.D., Portland, Ore. 


Though for many decades both clinical and 
experimental investigators have recorded 
studies of dissecting aortic aneurysms, yet 
a “common denominator” for the patho- 
genesis of this singular biological rent has 
not been proposed. 

Laennec '* (1826) and later MacCallum ** 
(1909) contended that the origin of the rent 
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was always the site of an atheromatous 
plaque or ulcer. This concept did not satisfy 
subsequent investigators who, in turn, have 
reported that the site of primary alteration 
was in the aortic media rather than in the 
intima. However, opinions differ still as to 
the etiologic role of high arterial pressure 
and whether the observed alterations in the 
aortic media were due to occlusion of the 
regional vasa vasorum. All discussions point 
up the selective and localized nature of the 
disease process, and the basis for considering 
dissecting aortic aneurysm as a part of a 
widespread metabolic disorder has not been 
presented. The primary etiological factors 
in the pathogenesis of dissecting aortic aneu- 
rysms as gleaned from clinical and experi- 
mental observations are summarized in the 
accompanying Table. 


Tabulation of Primary Etiologic Factors in the Pathogenesis of Aortic Aneurysms as 
Reported in the Literature 


Microscopie Site of the Primary Lesion 


Aortic Intima Aortie Vasa Vasorum Aortic Media 
Alterations Laceration at site (a) Rhexis of vasa vasorum (a) Cyst formation and/or 
of atheromatic in the presence or absence (6) Multiple isolated intramedial 
plaque or ulcer of hypertension hemorrhage and/or 
(6) Occlusive changes of vasa (c) Smooth muscle degeneration 
vasorum, morphologic and/or 
and/or physiologic (d) Loeal severe elastic tissue 
degeneration 
Clinieal Laennec, 1826 Rhexis: Erdheim, 1929 
investigators MacCallum, 1909 Schede, 1908 Wolff, 1932 
Moriani, 1910 Glendy et al., 1937 
Babes and Mironescu, 1910 Gore and Seiwert, 1952 
Krukenberg, 1920 
Whitman and Stein, 1924 
Shennan, 1934 
Winternitz et al., 1987 
Sailer, 1942 
Occlusive changes: 
Ziegler, 1905 
Pearce and Baldauf, 1906 
Tyson, 1931 
Amromin et al., 1948 
Experimental Leary and Weiss, Occlusive changes: Epinephrine-treated rabbits: 
investigators, 1940: cholesterol- Pearce and Baldauf, 1906: Josué, 1904 
animal, fed rabbits epinephrine-fed rabbits Fischer, 1905 
procedure Schlichter, 1946: dogs with Erb, 1905 
thermocauterized aortae Kaiserling, 1907 
Schirokogoroff, 1908 
Pea-fed rats: 


Ponseti and Baird, 1952, 1954 
Bachhuber and Lalich, 1955 
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The most dramatic of the experimentally 
produced aortic aneurysms which develop in 
young rats maintained on a diet containing 
50% Lathyrus odoratus seeds was first de- 
scribed by Ponseti and Baird * (1952 and 
1954). These authors state, “The dissecting 
aneurysms occurred either in the ascending 
aorta, arch or in the upper thoracic aorta. 
No aneurysms were noted in the abdominal 
aorta. ... No lesions were observed in the 
smaller arteries, veins or in the capillaries 
[1954].” This work was confirmed in a 
recent report of the effect of sweet pea meal 
on the rat aorta by Bachhuber and Lalich *® 
(1955). They state, “Neither aneurysmal 
dilatation nor intravascular hemorrhage were 
observed in the abdominal aorta. . . . ; All the 
lesions were observed in the region of the 
arch.” 

From these previous studies one may con- 
clude that the aortic alteration produced by 
the Lathyrus pea diet is selective in nature 
and localized to the media of the arch. 

Both clinical and experimental studies are 
in accord regarding the late sequences in 
the pathogenesis of aortic aneurysms. The 
histopathologic changes observed prior to 
actual intramural hemorrhage «uch as cyst 
formation, smooth muscle and/or elastic 
fiber degeneration, and edema are inconstant, 
and their role in aneurysmal formation is 
inconsistently implicated. The metabolic and 
cellular alterations that precede all of the 
described histopathologic changes have not 
yet been elucidated. 


METHODS AND MATERIALS 


Diet.—From the time of weaning (21 days after 
birth) until autopsy 3 to 6 weeks later, all experi- 
mental animals were maintained on the pea-pellet 
diet. Normal control rats were maintained through- 
out the observation period on the stock diet which 
consisted of : 


67.50% 
Whole milk 10.00% 
0.75% 
1.50% 
Hydrogenated vegetable oil.............. 5.25% 


and a concentrate of fish ofl in an amount to 
give 1.5 chick units of vitamin D and 10.5 U.S.P. 
units of vitamin A per gram 


A. M. A. ARCHIVES OF PATHOLOGY 


A thorough mixture in 1:1 proportions of the 
control ration and finely ground seeds of the pea, 
Lathyrus odoratus, was made up into hard pellets, 
and these pea pellets constituted the experimental 
diet. 


Animals.—Of the 32 weanling rats of the Long- 
Evans strain used in this experiment, 8 were normal 
controls (4 of each sex) and 24 were experimental 
(12 of each sex). 


Autopsy.—Four experimental and two control 
rats were autopsied at 6, 7, 8, and 9 weeks of age, 
respectively. Particular attention was focused upon 
the heart, aorta, and pulmonary arteries, which 
were excised and directly immersed in Zenker- 
formol (Helly’s fluid). Subsequently, these organs 
were embedded in tissue-mat, cut at 4u, 6#, and 8a, 
and finally stained for elastic fibers according to the 
technique of Verhoeff, and counterstained for col- 
lagen Abers with Van Gieson’s picrofuchsin mixture. 


RESULTS 

Location of Aneurysms.—Although the 
incidence of aortic aneurysm was highest in 
the arch, no segment of the entire aorta was 
found consistently free of involvement (Figs. 
1 and 2). A few animals developed aneu- 
rysms in the abdominal aorta, rupture of 
which in two cases was responsible for death. 
Multiple aneurysms were frequently en- 
countered at the macroscopic level. Even 
in animals in which only a single aneurysm 
was evident grossly, there were additional 
aneurysms demonstrable microscopically. In 
fact, nowhere throughout the entire extent 
of such aortae was there a segment that 
could be classified as normal aorta. By 
examining the entire aorta, which bore one 
or more gross aneurysms, every degree of 
alteration could be demonstrated. 

Thus, in a single aorta one could readily 
reconstruct the entire sequence of the histo- 
pathogenesis from the initial alteration to the 
ruptured dissecting aneurysm. 

Since attenuation and fragmentation of the 
elastic fiber together with fibroblastic pro- 
liferation were disclosed at every level of the 
aorta, we consider these two processes as 
the common denominator of the disease. 

The combined effect of the elastolytic and 
fibroproliferative processes strikingly alters 


Fig. 1—Heart and aorta of normal control rat, 42 days of age. 


Fig. 2.—Hearts and aortae of experimental rats, 42 to 70 days of age. The dissecting aneu- 
rysms are multiple and occur in the abdominal as well as the thoracic aorta. 


Fig. 3.—Thoracic aorta of a normal control rat. The thoracic duct is the smaller, thin-walled 
vessel next to the point of origin of one of the intercostal arteries. Transverse section, Verhoeff 
and Van Gieson stain; reduced about % from mag. x 


Fig. 4.—Thoracic aorta of an experimental rat (W 87). The level at which this section was 
cut is indicated by leader “A” in Figure 2. An intramural hematoma is seen splitting the media 
halfway about its circumference. Elsewhere the elastic laminae, though appearing more regular, 
are attenuated, fragmented, and widely separated from one another. The abnormally large inter- 
laminar clefts are occupied by actively proliferating fibroblasts. Transverse section, Verhoeff and 
Van Gieson stain; reduced about % from mag. x 


Fig. 5.—Abdominal aorta of a normal control rat. Transverse section. Verhoeff and Van 
Gieson stain; reduced about % from mag. x 20 


Fig. 6.—Abdominal aorta of an experimental animal (W87). The level at which this section 
was cut is indicated by leader “B” in Figure 2. Though there is a nearly complete loss of elastic 
fibers at the periphery of the enormous intramural hematoma, the aorta did not rupture at this 
level. The distinct lamination of the hematoma where it bounds the aortic lumen bears evidence 
of the remarkable capacity to repair in the very shadow of death. Transverse section, Verhoeff 
and Van Gieson stain; reduced about % from mag. x 20 


127 


j 
~ 
4 


the structure of the aorta throughout its 
entire extent. The increased thickness of the 
aortic wall of the experimental rat is evident 
at all points about its circumference (Figs. 
3-6). The bulk of the aneurysm is composed 
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of an organized intramural hematoma. The 
increased thickness of the media elsewhere 
is the result of vigorous proliferation of 


fibroblasts. The aorta undergoing recanaliza- 
tion demonstrates the most extensive fibro- 


Fig. 7.—Aortic arch of an experimental rat. Of the two functional channels seen, the 
original has been compressed partially closed by that acquired in the course of the disease 
process. Fragmentation and separation of the elastic lamina are particularly conspicuous at the 
periphery of the aorta. Transverse section, Verhoeff and Van Gieson stain; reduced about % 


from mag. x 44. 


Fig. 8.—An enlargement of one section of Figure 8 distinctly shows the actively proliferating 
fibroblasts which constitute the bulk of the thickened wall of the acquired “collateral” lumen. 


Reduced about % from mag. x 110. 
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blastic proliferation (Figs. 7 and 8). The The totality of involvement of the aorta 
enlargement of the aorta even in the absence is readily seen in Figure 9, a longitudinal 
of an aneurysm is to a variable extent at section through the arch of the aorta. The 
the expense of its lumen. non-uniformity of the disease process with 


Fig. 9.—Aortic arch of an experimental rat. The non-uniformity of the disease process with its 
multiple advanced lesions is seen. Two of the latter are shown at a higher magnification in 
Figures 10 and 11. Longitudinal section, Verhoeff and Van Gieson stain; reduced about % from 
mag. X 10. 

Fig. 10.—An organized hematoma occupying defect in the media where the aorta all but 
ruptured; reduced about % from mag. x 110. 

Fig. 11—This large cleft in the media communicates with the aortic lumen. Here the elastic 
laminae either are interrupted or attenuated. Between the thin elastic lamina densely packed 
fibroblasts are seen disposed transversely rather than longitudinally, as would be normal. Reduced 
about % from mag. x 110. 
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its multiple advanced lesions is seen. Two 
of the latter are shown at a higher magni- 
fication in Figures 10 and 11. 

That the elastolysis and fibroproliferation 
even involve the aorta at its origin from the 
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cardiac “skeleton” are seen in Figures 12 
and 13. 


Since the aorta is involved in its entirety 
by this disease process, it was deemed 
advisable to examine low-pressure arteries. 


Fig. 12.—A single cusp of the aortic valve of a normal control animal. Longitudinal section, 
Verhoeff and Van Gieson stain; reduced about % from mag. x 110. 

Fig. 13.—A single cusp of the aortic valve of an experimental animal. At this site of transi- 
tion a pathological separation exists between the elastic lamina of the aortic media, on the one 
hand, and the collagen bundles of the aortic valvular ring on the other. Longitudinal section. 
Verhoeff and Van Gieson stain; reduced about %4 from mag. x 110 

Fig. 14.—Pulmonary artery of a normal control rat. Longitudinal section, Verhoeff and van 
Gieson stain; reduced about % from mag. x 735. 

Fig. 15.—Pulmonary artery of an experimental rat. A striking deficiency of elastic fibers is 
seen together with an overabundance oi fibroblasts in the media. Longitudinal section, Verhoeft 
and Van Gieson stain; reduced about % from mag. x 735. 
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Close companions of the aorta, the pulmonary 
and coronary arteries were next studied. 

When the pulmonary artery of the normal 
control is compared side-by-side with that 
of the experimental animal, at a glance the 
marked involvement of the latter is recog- 
nized (Figs. 14 and 15). Though no intra- 
mural hemorrhage was found, elastolysis and 
fibroblastic proliferation are as pronounced 
in the pulmonary media as in the great artery 
itself (Fig. 16). 


At the origin of the normal coronary 
artery one may note that many of the elastic 
lamina are continuous between the media of 
the aorta and coronary artery (Fig. 17). In 
contrast, at its origin the coronary artery of 
the experimental animal shows no such con- 
tinuity of the elastic lamina ; here, the aortic 
lamina end abruptly (Fig. 18). Beyond its 
origin the coronary artery of the experi- 
mental rat shows a deficiency of elastic fibers, 
a fact clearly evidenced when longitudinal 


Fig. 16.—Heart, aorta, and pulmonary arteries of an experimental rat. A composite picture 
of elastic fiber disintegration and fibroblastic proliferation is seen in the descending aorta, the 
aorta at its origin, and in the right and left pulmonary arteries. Oblique section, Verhoeff and 
Van Gieson stain; reduced about % from mag. x 10. 
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Fig. 17.—Coronary artery at its origin of a normal control rat. Longitudinal section, Verhoeff 
and Van Gieson stain; reduced about % from mag. x 110. 

Fig. 18.—Ostium of a coronary artery of an experimental rat. Whereas in the normal control 
the elastic membranes of the coronary artery are continuous with aortic elastic lamina, in the 
experimental rat’s aortic media the elastic laminae are seen to end abruptly at the ostium of the 
coronary artery. Longitudinal section, Verhoeff and Van Gieson stain; reduced about % from 
mag. X 110. 

Fig. 19.—Coronary artery of an experimental rat near its origin. Deficit of elastic fibers and 
fibroblastic proliferation are seen. Longitudinal section, Verhoeff and Van Gieson stain; reduced 
about % from mag. x 110. 
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sections of experimental and control animals 
are compared (Figs. 17 and 19). Even cross 
sections of the coronary arteries often show 
the elastolysis and fibroproliferation in the 
internal elastic membrane (Figs. 20 and 21). 


22° 


Finally, the endocardium of the atria were 
examined, and here again the experimental 
animals showed a deficiency of elastic fibers 
as compared with the controls (Figs. 22 
and 23). 


4 


Fig. 20.—Coronary artery of a normal control. Transverse section, Verhoeff and Van Gieson 


stain; reduced about % from mag. x 735. 


Fig. 21.—Coronary artery of an experimental rat. Disintegration of the internal elastic 
membrane is seen together with hyperplasia of fibroblasts in the tunica intima. Transverse 
section, Verhoeff and Van Gieson stain; reduced about % from mag. x 735. 

Fig. 22.—Atrial endocardium of a normal control rat. Longitudinal section, Verhoeff and Van 
Gieson stain; reduced about % from mag. x 735. 

Fig. 23.—Atrial endocardium of an experimental rat showing fragmentation of its elastic 
fibers. Longitudinal section, Verhoeff and Van Gieson stain; reduced about 4% from mag. x 735. 
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SUMMARY 


A survey of the literature dealing with 
the pathogenesis of aortic aneurysms revealed 
many diverse theories of etiological factors. 
Laceration of the aortic intima at the site of 
atheromatcus plaques or ulcerations has been 
demonstrated as the initiating factor (Laen- 
nec,** MacCallum Leary and Weiss ** 
produced similar lesions in cholesterol-fed 
rabbits. Rhexis and occlusive changes of vasa 
vasorum have been postulated as the cause of 
aneurysmal formation (Schede,?* Moriani,"* 
Babes and Mironescu,? Krukenberg,’* Whit- 
man and Stein,**? Shennan,”* Winternitz and 
co-workers,”* Sailer,*' Ziegler,*° Pearce and 
Tyson, Amromin and co- 
workers*). Occlusive changes have been 
produced experimentally in epinephrine-fed 
rabbits (Pearce and Baldauf '*) and in dogs 
with thérmocauterized aortae (Schlichter **). 
The aortic media has been implicated as the 
initial site, and various theories have been 
advanced as the initiating lesion: cyst forma- 
tion, multiple isolated intramedial hemor- 
rhage, smooth muscle degeneration, and local 
severe elastic tissue degeneration ( Erdheim,® 
Wolff,” Glendy and co-workers,’ Gore and 
Seiwert *). These types of lesions have been 
demonstrated in epinephrine-treated rabbits 
(Josué,”® Fischer,* Erb,* Kaiserling,"' Schiro- 
kogoroff **) and pea-fed rats (Ponseti and 
Baird,” Bachhuber and Lalich *). 

In the present experiment 24 weanling rats 
of the Long-Evans strain were fed a pea- 
pellet diet containing 50% Lathyrus odoratus 
seeds for three to five weeks. Eight animals 
died prior to autopsy as a result of massive 
aortic hemorrhage. From the remaining 16, 
heart and great were examined 
grossly, excised, photographed, and prepared 
specifically for histologic study of the elastic 
tissue. Grossly visible aneurysms were ob- 
served in the arch, descending thoracic, and 
abdominal subdivisions of the aorta. Multiple 
intramural hematomas were disclosed micro- 
scopically in the aorta of every experimental 
animal. Elastinolysis and fibroblastic pro- 
liferation were evidenced throughout the 
aorta. The pulmonary arteries showed elastic 
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fiber disintegration and hyperplasia of fibro- 
blasts as extensively as that of the aorta. 
These same alterations were present in the 
coronary arteries. Even in the atrial endo- 
cardium diminution of elastic fibers was 
demonstrable. 

The present findings are at variance with 
the interpretations of previous studies. 
Ponseti and Baird,” as well as Bachhuber 
and Lalich,* observed no occurrence of aneu- 
rysm formation in the abdominal aorta, 
whereas several animals in the present 
experiment developed multiple aneurysms of 
the abdominal aorta, and rupture of these 
aneurysms was responsible for death in two 
rats. 


Ponseti and Baird *° stated that the lesion 
started in the media and that the elastic 
fibers and muscle fibers did not appear abnor- 
mal initially. Those observations were not 
borne out in the present experiment. Histo- 
logical examination of the aorta, coronary 
arteries, pulmonary arteries, and atrium 
revealed the elastic fibers to be quantitatively 
decreased in number and size. The fibers 
also showed generalized disintegration and 
resorption with interruption of continuity. It 
appeared that concurrently with the elastic 
tissue changes marked fibroblastic prolifera- 
tion further separated the elastic fibers and 
invaded smooth muscle. Previous studies on 
Lathyrus-fed rats failed to reveal involve- 
ment of the smaller arteries and the pul- 
monary arterial system. The present experi- 
ment definitely demonstrated elastolytic and 
fibroblastic abnormalities in the coronary 
arteries, pulmonary arteries, endocardium of 
the atria, as well as generalized aortic 
involvement. 


CONCLUSIONS 

The histopathogenetic basis of dissecting 
aortic aneurysms experimentally produced 
by Lathyrus pea-pellet feedings is the result 
of two inseparable processes; on the one 
hand, destructive, elastinolysis, on the other, 
reparative, fibroblastic proliferation. Intra- 
mural hematomas and dissecting aneurysm 
were observed only in the aorta. 
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However, lysis of elastic fibers and hyper- 
plasia of fibroblasts were observed through- 
out the pulmonary arteries and even in the 
coronary arteries, 


Evidence has been presented that the dis- 
secting aortic aneurysm is one sign of a 
generalized metabolic disorder which at the 
histologic level is basically elastolytic. 


Mr. Dean C. Altman, the head of the Photo- 
graphic Department of this hospital, and Mr. Bruce 
Stuart gave helpful assistance. 
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ae P. athogenesis of the Hyalinization 
of the Islands of Langerhans 


EL! MOSCHCOWITZ, M.D., New York 


Lesions of the islands of Langerhans occur 
in a little less than half of the cases of adult 
diabetes.* In 112 cases in the Mount Sinai 
Hospital the incidence was 47.3%. Although 
this percentage does not suffice to serve as 
a morphological diagnostic measure, never- 
theless the high incidence must bear some 
causal relation to the disease. Thus far 
neither their relationship to diabetes mellitus 
nor their morphogenesis has been satisfac- 
torily clarified. 

Our interest arose from a study of the 
much-discussed problem concerning the rela- 
tion of diabetes to arteriosclerosis. In such 
a study’ I tried to show that hyperplastic 
arteriosclerosis characterized by hyperplasia 
of the intima, elastica interna, and the media 
occurs no more frequently in persons with 
diabetes mellitus than in controls. This con- 
clusion was based upon the observation that 
gross arteriosclerosis of the pulmonary artery 
which is entirely independent of that in the 
arteries of the greater circulation occurs no 
more frequently in diabetes than in controls.* 
On the other hand, the incidence of athero- 
sclerosis is higher in diabetics than in non- 
diabetics and is the result of the hyperlipemia 
and more particularly the hypercholesteri- 
nemia." I have stressed that atherosclerosis 
and arteriosclerosis are different lesions in 
respect to both morphology and patho- 
genesis*® and should not be viewed as 
synonymous. Arteriosclerosis may exist with- 
out atherosclerosis. 


Submitted for publication Dec. 1, 1955. 

From the laboratories, Department of Pathology, 
The Mount Sinai Hospital, New York City. 

* References 1 through 6. 
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The relation between arteriosclerosis and 
diabetes can be clarified by a study of the 
incidence of vascular lesions within the pan- 
creas. In 111 diabetics there were 6 juvenile 
cases (that is, below the age of 30). Of these, 
none showed arterial disease within the 
pancreas. In the remaining cases there was 
a progressive increase of arterial disease with 
age, both of arteriolar hyalinization and of 
hyperplastic arteriosclerosis. Below the age 
of 40 the incidence of total arterial lesions 
was 12.5%, whereas after the age of 40 the 
incidence was 88.4%. In a control series of 
152 cases selected from patients with peptic 
ulcer and carcinoma (mostly intestinal) the 
incidence was 58.5%. In diabetes the inci- 
dence of hyaline vessels is about 30%, and 
arteriosclerotic vessels 15%, higher than in 
peptic ulcer and carcinoma. The brunt of the 
increase is therefore largely reflected in the 
increase of hyalinization. This accords with 
the observation of Bell® that hyalinization 
of arteries is commonly associated with 
diabetes. 

In the few reported studies on the inci- 
dence of arterial lesions of the pancreas in 
diabetes the percentages are high. Cecil,’° 
in 90 cases, found arteriosclerosis in 80%, 
of which one-half showed hyalinization. He 
also found that the incidence increases with 
age ; all but two showed arteriosclerosis after 
the 40th year. Moritz and Oldt™ found 
arteriosclerosis of the pancreatic vessels in 
30% of the patients between the ages of 31 
and 45, the incidence rising to 55% at the 
age of 61 and over. When hypertension was 
associated, the per cent rose to 73 between 
the ages of 31 and 45, and 87 after the age 
of 61. Weichselbaum,”* Herxheimer,”? and 
Seyfarth * found arteriosclerosis of the pan- 
creatic vessels in diabetes “frequently.” 
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Root,’ on the other hand, found arterio- 
sclerosis of the pancreatic arteries in diabetes 
in only 5%. 

There is no doubt that hypertension itself, 
whether associated with diabetes or not, in- 
creases the incidence of arterial disease 
within the pancreas. In 44 diabetics with 
hypertension, the incidence was 97.8%; in 
54 diabetics without hypertension, 71.2%. 
In 68 cases of essential hypertension, the inci- 
dence was 98.5%. These figures suggest 
offhand that diabetics are subject to hyper- 
tension and, in consequence, arteriosclerosis. 
Under such circumstances it has been as- 
sumed of course that the diabetes occurs 
first. However, we must remember that many 
patients with prolonged hypertension ulti- 
mately develop hyperglycemia and eventually 
a typical glucose tolerance curve of diabetes 
mellitus.+ Indeed, O’Hare * holds that every 
patient with essential hypertension is a poten- 
tial diabetic. 

There is no evidence that adult diabetics 
are more subject to hypertension than others, 
age for age. Indeed, age without the inter- 
vention of hypertension may cause hyper- 
glycemia and a typical glucose tolerance 
curve.”* 

What relation do these arterial lesions in 
the pancreas bear to the lesions in islands 
of Langerhans, which, we repeat, occur in 
slightly less than half of the subjects? First, 
it was necessary to determine how frequently 
they occurred in a series of controls. We 
selected cases of essential hypertension be- 
cause of the frequency of associated vascular 
changes and cases of nonhypertensive peptic 
ulcer and carcinoma in adults. In 70 cases 
of essential hypertension, we found island 
lesions in 11.4%. This comparably high per- 
centage accords with the observation previ- 
ously cited of the frequency of hyperglycemia 
in this disorder. The youngest patient with 
essential hypertension was aged 46; the 
oldest, 71. No island lesions were found in 
66 cases of peptic ulcer and of 86 cases of 
carcinoma; 2% or 2.3% showed fibrotic and 
hyaline islands. In all of the frankly non- 


+ References 14 through 21. 


LANGERHANS—ADULT DIABETES 


diabetic cases the number of affected islands 
was minimal; in consequence, no consid- 
erable hyperglycemia was attained. In 6 of 
the 10 cases in which blood glucose was 
measured, only 1, a case of carcinoma, 
showed an elevation of 156 mg. per 100 cc. 
Obviously, it is no longer possible to deter- 
mine whether these patients would eventually 
have developed true diabetes. Island changes 
in nondiabetics have been repeatedly de- 
scribed,f usually in older persons. 

The two lesions that affect the islands 
are fibrosis and hyaline degeneration. Of 
the 47.3% involved organs, 25% showed 
fibrosis, 13.4% showed hyalinization, and 
8.9% showed both fibrosis and hyalinization. 
The per cent varies with different observers, 
because it is a matter of quantitative inter- 
pretation. All islands contain fibrous tissue 
as part of the vascular content. As a rule, 
the amount of connective tissue increases 
with age. In infancy the connective tissue 
consists of the exceedingly thin basement 
membrane of the capillary walls. With ma- 
turity this slowly thickens, until in the 
seventh decade it becomes fairly prominent. 
When hypertension is associated, this thick- 
ening of the capillary wall is intensified. It 
is therefore difficult to determine when nor- 
mality ends and fibrosis begins. Arbitrarily, 
I regard a fibrous island as one in which 
half or more of the surface area is involved.$ 


I agree with Weichselbaum ** that the 
fibrosis is only a forerunner of the hyaliniza- 
tion for the following reasons: (1) It is 
acknowledged that the hyaline material is 
deposited in inert fibrous tissue, for instance, 
in old scars, corpora lutea, healed tubercles, 
etc.; (2) the two processes are frequently 
associated in the same pancreas, and (3) in 
diabetes with hypertension the lesions are 
predominantly fibrous, fulfilling expectations. 


t References 5, 6, 13, and 22. 

§ I have omitted hydropic degeneration from the 
classification, first, because it has been shown experi- 
mentally that it is reversible by administration of 
insulin, so that it is a secondary and not a primary 
phenomenon and, second, because it is closely simu- 
lated by postmortem change, to which the pancreas 
is susceptible. 
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In no instance did I find a round-celled 
infiltration within an island, and so the 
fibrosis cannot be viewed as inflammatory. 
It is generally accepted that the number of 
affected islands is a measure of the duration 
of the diabetes rather than of its severity. 

The absence of island lesions in over half 
of adult diabetics does not necessarily exclude 
a pancreatic origin for the diabetic. It is well 
established that an organ may be insufficient 
even to a marked degree, although anatomi- 
cally it is little damaged, for instance, in 
certain cardiac and renal disorders (shock, 
dehydration, myocardial failure, nephrotic 
syndromes). With this realization in mind 
attempts have been made to correlate the 
diabetes with changes in the alpha, beta, and 
gamma cells, but thus far no clear-cut cor- 
relation has proved consistent. Furthermore, 
it is essential, as in so many other disorders, 
to view the evolution of the disease biologi- 
cally. In no sense are we justified in viewing 
the lesions found at autopsy as end-results. 
The statistics cited may be regarded only 
as the mean of phases of a prolonged process. 
This is particularly pertinent in diabetes, 
where death often comes prematurely from 
a complicating cardiovascular disorder and 
not directly from the diabetes in the form 
of coma. 

In order to further elucidate the relation 
of these island lesions to diabetes, it is 
necessary to determine their incidence in 
respect to age. 


In five cases of juvenile diabetes, that is, 
below the age of 30, there was not a single 
instance of an island lesion. Of eight cases 
of diabetes with death occurring below the 
age of 40, only one showed an island lesion. 
Our findings agree with those of other stu- 
dents of juvenile diabetes.|| This observation 
and the different clinical behavior suggest 
that juvenile diabetes has a different origin 
from the adult type.*° Of the 111 cases of 
diabetes, there was a sudden rise in the inci- 
dence of island lesions after the 40th year. 
The relatively high incidence of island lesions 
(11.4%) in essential hypertension suggests 


|| References 3, 4, 10, and 23 through 26. 
138 


A. M. A. ARCHIVES OF PATHOLOGY 


strongly that the prolonged intravascular 
tension of maturity and senescence is the 
factor that causes this sudden rise, particu- 
larly since there is a profound increase of 
island lesions in diabetes with hypertension 
as compared with normotensives, i. e., 57.7% 
as compared with 29.3%. It is well to be 
reminded that hypertension is only an exag- 
geration of a normal function. This leads to 
the determination of the relation of arterial 
lesions in the pancreas to the island lesion. 

Of the 52 cases of diabetes in which island 
lesions were found, all showed arterial lesions 
except 1. The same invariable association 
was found in the eight cases of essential 
hypertension without recognized clinical dia- 
betes. This almost invariable association has 
a special significance. I have already stated 
that the lesions are not of inflammatory ori- 
gin. A hypothetical toxin has been invoked, 
but this can hardly be accepted because such 
a toxin over a prolonged period should pro- 
duce the lesions in all diabetics. Hypergly- 
cemia cannot be the cause, for the same 
reason. Nor can these island lesions repre- 
sent extensions of an interacinar fibrosis, 
since I have found that island lesions occur 
as often in an intact organ as in a fibrotic 
one. Furthermore, it has been demonstrated 
that in the profound fibrosis due to pancre- 
atic calculi, the islands are nearly always 
intact. The answer lies in the morphogenesis 
of these fibrous and hyalinized islands. All 
observers testify that the fibrous and hyaline 
deposits are always pericapillary.{ Only 
rarely is the hyaline deposited within the 
island cell proper. In the earliest phase the 
hyaline is situated in the wall of the capillary 
external to the endothelial layer between the 
capillary basement membrane and the epi- 
thelial cells of the island (Fig. 1). Later, 
the hyaline deposit widens and compresses 
the adjacent epithelial cells, and ultimately 
these cells may completely disappear (Figs. 
2 and 3). At the same time the capillary 
lumen becomes progressively narrowed 
until the walls come in contact and the lumen 
is represented by strands of much com- 


{ References 1, 10, 13, 22, 23, 27, and 28. 
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Fig. 1.—Beginning hya- 
linization of an island of 
Langerhans, showing 
thickened intima of capil- 
laries by the hyaline de- 
posited beneath endothelial 
lining. 


pressed endothelial cells. The fibrous strands 
which represent the preceding stage of hya- 
linization are the results of the progressive 
thickening of the basement membrane of the 
capillaries, and, no matter how extensive the 
thickening, the capillary lumen is never com- 
pletely obliterated (Fig. 4); with higher 
magnifications the hyaline deposits reveal a 
fibrillary structure (Fig. 2) outlining the 
erstwhile fibrous strands. This thickening of 
the intima of the capillaries may be inter- 
preted as an arteriosclerosis en miniature, in 
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other words, as a capillary sclerosis morpho- 
logically identical with that which I have 
described in the pulmonary alveolar septa in 
hypertension of the pulmonary circulation 
with arteriosclerosis of the pulmonary ar- 
tery,” in the glomeruli in hypertension of the 
greater circulation with arteriosclerosis of the 
renal artery, and in the hepatic sinusoids in 
cardiac cirrhosis associated with phleboscle- 
rosis of the hepatic veins.*° The terms 
“arteriocapillary” and “venocapillary” scle- 
rosis were applicable to such lesions. Indeed 


Fig. 2.—More advanced 
stage of hyalinization of 
an island of Langerhans, 
showing compressed island 
cells. The fibrillar struc- 
ture of the hyalin is easily 
visible. 
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Fig. 3.—Advanced stage 
of hyalinization of island 
of Langerhans, showing a 
few compressed island 
cells and almost obliter- 
ated capillaries with dis- 
torted and compressed 
endothelial lining. 


Weichselbaum,** in 1911, viewed the island 
lesions in diabetes as a capillary sclerosis, 
but he suggested no explanation for their 
pathogenesis. Herxheimer** termed this 


lesion “pancreatico-cirrhosis arteriosclerot- 
ica.” The mechanism for the production of 


the capillary sclerosis is twofold: (1) by 
direct extension from the afferent arteriole 
( Fig. 5 represents a happy section of such a 
mechanism); (2) by interference with the 
circulation of the island. These mechanisms 
are precisely those observed in the glomeru- 
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lus in generalized arteriosclerosis in normo- 
tensive and especially in hypertensive sub- 
jects. Jaffe*’ has shown by serial section 
that the hyalinization of the glomerular capil- 
laries does not always arise by direct exten- 
sion from the hyalinized afferent arterioli but 
is sometimes discontinuous. 

Hyalinization in diabetes is not confined to 
the capillaries and arteries of the pancreas. 
Simultaneous studies of the kidney in diabetic 
subjects showed that when the arterioles of 
the pancreas are hyalinized, those of the 


Fig. 4. — Fibrosis of 
island of Langerhans, 
showing thickened capil- 
laries. 
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Fig. 5. — A hyalinized # 
2, 
island of Langerhans con- aff 
tinuous with a hyalinized 

afferent arteriole. 


kidney are also affected, but to a much 
greater degree, an observation confirmed by 
Aschoff.** 

As far as my observations permit me to 
say, the glomeruli show hyaline changes in 
practically all cases of diabetes, whether the 
islands of Langerhans are affected or not. 
In fact, in the form of the Kimmelstiel- 
Wilson lesions, these changes are more mor- 
phologically diagnostic of diabetes than the 
island lesions. I submit an anatomical expla- 


nation why the capillaries of the pancreas are 
involved in only one-half of adult diabetics, 
whereas in the kidney the incidence is almost 


100%. The kidney is practically an end- 
organ, the only anastomoses being trivial ves- 
sels penetrating the capsule. In addition, the 
capillaries of the glomerular tufts do not anas- 
tomose with the parenchymal capillaries. The 
pancreas, on the other hand, is supplied by 
three freely anastomosing arteries ; the head 
by the superior pancreaticoduodenal and the 
inferior pancreaticoduodenal arteries, where- 
as the tail is supplied by branches of the 
splenic artery. The circulatory supply of the 
islands mirrors that of the gross blood sup- 
ply. According to Beck and Berg.** 

The afferent arterioles are short and slightly larger 
than the capillaries. They arise from the intralobular 
arteries. The number varies with the size of the 


islands. In the larger ones two or move afferent 
arterioles may be present. 


In describing the capillary networks of the 
islands they say: 

At frequent intervals short twigs are given off form- 
ing inter-communications between the loops. Rich 
anastomoses are found to exist between the capil- 
laries of the islands and the interacinar rete. . . . 
More than one efferent venule is usually present, 
depending on the size of the islands. These empty 
into the interlobular veins. They usually follow the 
surface of the island for a short distance, receiving 
numerous tributaries from the insular capillaries 
along their course. In addition, efferent venules re- 
ceive tributaries from the adjacent interacinar capil- 
laries. When thrombosis, embolism, sclerosis or 
spasm of the afferent arterioles occur, the capillary 
anastomoses can form a collateral circulation which 
maintains an adequate blood supply to the islands. 
This mechanism accounts for the few changes which 
are observed in the islands in the presence of 
arteriolar lesions. [Italics mine.] 


The infrequency of infarction is acknowl- 
edged. 
SUMMARY 


The island lesions in adult diabetes melli- 
tus are nearly always associated with arterio- 
sclerosis of the pancreatic vessels and may 
be interpreted as a capillary sclerosis, pre- 
cisely comparable to that found in the alveo- 
lar capillaries of the lung and the sinusoids of 
the liver and in the glomeruli in the presence 
of arteriosclerosis or phlebosclerosis affecting 
the main supplying vessels of these organs. 
The capillary sclerosis is the result either of 
the extension of the fibrosing or hyalinizing 
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lesion from the afferent arteriole of the island 
into the capillaries or of a diminution of the 
blood supply. Island lesions in adult diabetes 
occur in a little less than half the cases. It 
does not occur more frequently because of the 
special freely anastomosing pattern of both 
the grosser and the capillary blood supply 
of the pancreas and of the islands. The cause 
of the hypoinsulinemia in the cases in which 
the islands are intact is ascribable to an 
insufficiency, consequent co an impairment of 
the grosser blood supply. In juvenile dia- 
betes, in which island lesions are very rare, 
if they occur at all, the cause of the diabetes 
cannot be explained anatomically. 
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There is increasing evidence that the fa- 
milial disorder Marfan’s syndrome is less 
rare than was formerly thought. Some pa- 
tients may show only a few of the recognized 
manifestations or even isolated lesions. Many 
structural abnormalities have been added to 
the original description, which was published 
by Marfan in 1896. The descriptive litera- 
ture was summarized by Whittaker and 
Sheehan (1954). Clinical surveys have been 
concerned mainly with the musculoskeletal 
and ocular abnormalities (Rados, 1942). The 
number of reported autopsies is still very 
small, and there is inadequate information on 
the variety and the histological nature of the 
cardiovascular lesions which are the cause 
of premature and sudden death in these pa- 
tients (Tobin, 1947, and Reynolds, 1950). 
In this paper the clinical features and nec- 
ropsy studies in an unusually clear-cut clas- 
sical example of the syndrome are described, 
and the cardiovascular lesions are specially 
discussed. 


REPORT OF A CASE 


The patient, a university student 17 years of age, 
was one of a family of five, with two sisters older 
and two brothers younger than he. Both. parents 
were alive. His father and one sister had unusually 
long fingers but no other apparent abnormality. 
There was no known history of sudden or un- 
expected death in any near relative. 

His birth was normal. From childhood the patient 
was known to have great difficulty with his vision, 


Submitted for publication Nov. 29, 1955. 
From the Departments of Medicine and Pathol- 
ogy, University of Aberdeen, Aberdeen, Scotland. 


and he was given glasses at the age of 4 years. 
In his earlier youth his muscular development was 
poor. He was said to be thin, and because of this 
and his rapid growth he was admitted to hospital 
for general investigation at the age of 9 years. The 
available records indicate that no definite diagnosis 
was made at that time, and it would seem that the 
signs of arachnodactyly which he then showed were 
not appreciated. At the age of 13 he had a minor 
operation to the head of the first right metatarsal 
because of hammertoe. 

On July 5, 1954, six days before his death, his 
urgent admission to hospital was arranged by his 
physician because of severe substernal pain of sud- 
den onset. Before retiring on the previous evening he 
had a frontal headache which kept him awake. At 
about 3 a. m. he felt nauseated and tried to vomit. 
This induced a paroxysm of coughing which was 
followed immediately by intense pain across the 
front of the chest. The pain radiated toward the 
cervical spine and came in spasms at intervals of 
about two minutes. During this time he was 
extremely breathless. Gradually his breathing be- 
came easier and the pain diminished, so that by the 
time he arrived in hospital, five hours after the 
onset, he had a dull substernal pain with periodic 
aggravation, but at no time during his stay in the 
ward was it as severe as it had been initially. These 
were the only significant symptoms. 

Musculoskeletal System—The patient was 6 ft. 
3 in. (190.5 cm.) tall and had a lanky, somewhat 
eunuchoid build. He weighed 130 Ib. (59 kg.). The 
limbs were extremely long and slender. The meta- 
tarsals, metacarpals, and phalanges were partic- 
ularly long; his shoe size was 12%, and the large 
toe measured 3 in. (7.6 cm.) in length. 

The skull was long and narrow, with prominent 
supraorbital ridges. The ears were pointed, and the 
upper part was everted. Hair on the face was scanty, 
but elsewhere it was of normal distribution. There 
was a very high, arched palate and irregular denti- 
tion. 

The skin, generally, was pale, but many freckles 
were present on the face, forearms, and lower limbs. 
There was very poor muscular development and 
very little subcutaneous fat. Because of the poor 
muscle tone and laxity of the ligaments there was 
hypermobility of the joints. Depression of the 
sternum caused an extreme funnel-shaped deformity 
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Fig. 1.—View of fingers showing arachnodactyly. 


of the chest. There was a dorsal kyphosis and slight 
winging of the scapulae. 

Eyes.—There was subluxation of the lenses with 
tremulous irides; in addition, a high degree of 
myopia and a right internal strabismus were ob- 
served. 


Visceral Features—A moderate degree of 
cyanosis was seen. The neck veins were distended 
and the liver slightly enlarged and tender. The 
pulse was regular, 88 per minute, and the blood 
pressure 130/50 mm. Hg. The apex beat was in the 
sixth intercostal space and 5 in. (12.7 cm.) from the 
midline. There was a loud apical systolic murmur. 
An x-ray plate of the chest showed considerable 
enlargement of the cardiac shadow, which was of 
globular shape. The considerable sternal depression 
complicated the interpretation of these findings, 
but in the opinion of the radiologist they were com- 
patible with a hemopericardium. In view of the 
autopsy findings it seems probable that the initial 
severe pain and dyspnea and the later signs of 
systemic venous engorgement were caused by hemo- 
pericardium and cardiac tamponade. In previously 
described cases death from this cause has been 
instantaneous rather than episodic. 


Fig. 2.—Exterior surface of aorta showing the 
tear; reduced about 4 from mag. x 5. 


A. M. A. ARCHIVES OF PATHOLOGY 

The only symptomatic treatment which the pa- 
tient required was mild analgesia, and he remained 
comfortable in the ward until shortly after midnight 
on his fifth day in hospital. Chest pain then returned 
with increasing severity, and after a few minutes he 
gasped and died instantly. The clinical diagnosis 
was Marfan’s syndrome with ruptured aneurysm of 
the aorta. 

PosTMORTEM FINDINGS 


Postmortem examination was performed 37 hours 
after death. The external appearances have already 
been described. The spidery fingers are illustrated 
in Figure 1. 

The most conspicuous internal appearances were 
cardiovascular. About a liter of soft, dark-red blood 
clot and approximately 200 ml. of serum greatly 
distended the pericardial sac. The heart (400 gm.) 
was of normal shape but slightly larger than normal. 
A moderate degree of dilatation of the tricuspid 
ring was observed, and on the atrial surface of the 
leaflets there were several pink-gray, semitranslu- 
cent smooth nodules, each 0.5 mm. or less in 
diameter. Some fenestration of the tricuspid leaflets 
was also noted. The pulmonary artery was slightly 
dilated, and there was a minor degree of fenestration 
of its cusps. The right ventricular muscle, which 
was pale but firm, measured 4 to 7 mm. in thickness. 

No dilatation was present in the left atrium or 
ventricle. The foramen ovale was closed. On the 
atrial surface of the mitral cusps, just behind the 
free edge, there were several gray-pink, semitrans- 
lucent and smooth elevations 0.5 to 1.0 mm. in 
diameter. The chordae tendineae were normal. Some 
hypertrophy of the papillary muscles was observed. 
The aortic cusps presented some slight fenestration 
near the thickened, rolled free margin. At the 
center of this margin there were two symmetrical, 
soft, firmly adherent, smooth nodular swellings, each 
approximately 2 mm. in diameter (Fig. 3). The 
aortic ring was markedly dilated, whereas the 
ascending part of the aorta showed an even 
greater degree of uniform dilatation; this was con- 
tinued into the arch of the aorta, where it gradually 
diminished in caliber to equal that of the descending 
aorta, which again showed a uniform, though rela- 
tively mild, degree of dilatation. In the right antero- 
lateral part of the ascending aorta, 2.5 cm. above the 
aortic ring, there was a transverse tear, 1.5 cm. 
long, through the aortic wall (Fig. 2). Dissection 
of the wall around the tear was negligible. Partially 
organized, antemortem thrombus was adherent to 
the outer wall of the aorta from the root to the arch. 
Each coronary ostium was situated 1.5 cm. above 
the aortic ring, and the left coronary artery had a 
reduplicated ostium. In the arch of the aorta the 
intima showed conspicuous lipid patches, but in the 
remainder of the aortic intima the deposit of lipid 
was only slight. No abnormality was found on 
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naked-eye examination of the other arteries, or in 
the veins. 

The only notable findings elsewhere in the body 
may be summarized as follows: a high palate and 
irregularly arranged teeth; some congestion and 
edema in the middle lobe of the right lung; scanty 
petechiae and occasional small hemorrhagic erosions 
in the stomach mucosa; firm, periappendicular 
fibrous adhesions; ill-defined subcapsular pallor of 
the liver (1900 gm.); congestion of the spleen 
(230 gm.) ; slightly enlarged lymph nodes generally ; 
rather small prostate and external genitalia; con- 
gested kidneys (combined weight 230 gm.); large 
but otherwise normal-looking brain (1900 gm.); 
slightly smaller pituitary than normal; small 
adrenals (combined weight 8 gm.) with thin, dark- 
yellow cortex. No abnormality was seen in other 
organs. The epiphyses and bone marrow appeared 
normal. Death was clearly caused by rupture of a 
dilated ascending aorta and hemopericardium. There 
was no evidence of any dissection of the aortic wall, 
nor was there evidence of cardiac infarction or of 
rheumatism. 


For microscopic examination blocks were 
taken from many tissues and fixed in 10% 
formol acetate. Paraffin sections were stained 
routinely with hematoxylin and eosin. For 
the more detailed study of the blood vessels 


and heart, additional stains were applied: 
Verhoeff’s elastic stain, orcein, Foot’s reticu- 


Fig. 3.—Aortic 
fenestration; x 5. 


cusp showing nodulation and 


MARFAN’S SYNDROME 


Fig. 4.—Longitudinal section of normal aortic 
media showing elastic fibers. Verhoeff’s stain; 
« 120. 


lin stain, Mallory’s connective-tissue stain, 
Southgate’s mucicarmine, P.A.S., polychrome 
methylene blue, toluidine blue, thionine, 
cresyl violet, and Alcein blue. Frozen sec- 
tions were stained with Sudan III. Sections 
of the aorta were compared with sections 
from the aorta of 6 subjects of similar age 
without cardiovascular disease, and also with 
sections from 10 adults of varying age, with 
dissecting aneurysm of the aorta. 

In the patient with Marfan’s syndrome 
there was a considerable amount of basophilic 
metachromatic material in the wall of the 
aorta throughout its length, especially in the 
media, but also, though usually to a less 
extent, in the intima. The staining reactions 
of this substance suggested that it was, at 
least in part, an acid mucopolysaccharide. It 
appeared to be closely similar to, if not identi- 
cal with, the normal ground substance, but 
considerably increased in amount and fre- 
quently forming conspicuous pools (Fig. 5). 
In and around these deposits there was a con- 
spicuous diminution in the number of elastic 
fibers. Both these changes were most marked 
in the ascending aorta, but they were also 
present in the remainder of the aorta. In the 
most severely affected parts the elastic fibers 
had largely disappeared, whereas those that 
remained stained feebly and were often frag- 
mented (Fig. 5). In the same areas reticu- 
lin and muscle fibers were diminished in 
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number or were absent. Elastic and other 
fibers were arranged in a disorderly manner 
in some fields. Similar, but less marked, 
changes were found in the branches arising 
from the aortic arch. They were not, how- 
ever, seen in any other blood vessels, includ- 
ing the pulmonary trunk and its branches. 
Small deposits of neutral fat and cholesterol, 
also some fibrosis, were noted in the intima 
of the ascending aorta and in the arch; else- 
where in the aorta changes were severer. 
Partially organized antemortem thrombus 
was adherent to the outer surface of the as- 
cending aorta. 


Fig. 5.—Longitudinal section of aortic media 
from case of Marfan’s syndrome showing elastic 
fibers and collections of mucinous material. Ver- 
hoeff’s stain; x 120. 


In the left ventricle the muscle fibers 
showed some hypertrophy. Nowhere in the 
myocardium was there evidence of infarction, 
fibrosis, or other notable lesion. The small 
nodules in the various cusps, e. g., in the 
aortic cusps, had a fibromyxomatous struc- 
ture and showed no evidence of rheumatic 
or other inflammation. 

Very little lipid was present in the adrenal 
cortex, whereas the medulla appeared to be 
more cellular than normal. No pathological 
changes were present in the thyroid gland. 
In the anterior lobe of the pituitary there was, 
in a series of sagittal sections, an apparent 
preponderance of acidophile cells. No ab- 
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normality was seen in the elastic fibers of 
the lungs and skin. Small agonal erosions 
were present in the gastric mucosa. Sections 
of skeletal muscle, lymph nodes, liver, spleen, 
pancreas, kidneys, and prostate showed no 
abnormalities. Despite the eunuchoid ap- 
pearance of the subject, spermatogenesis was 
present in the testes. 


COMMENT 


Although over 300 cases of arachnodactyly 
have been reported, only very few complete 
autopsy reports have appeared in the litera- 
ture. Marvel and Genovese (1951) collected 
descriptions of 28 necropsies and added 1 of 
their own, Cardiovascular lesions were found 
in 26 of these, including aortic aneurysms 
in 15; 8 of the aneurysms were of the dis- 
secting variety. Left ventricular hypertrophy, 
usually associated with valvular disease, was 
present in 20 cases. In 16 patients there 
were congenital cardiovascular malforma- 
tions, often multiple. Detailed microscopic 
studies of the aorta are lacking in no less 
than 15 of the 29 necropsy reports. 

Several observers have mentioned the 
similarity of the histopathological changes in 
the wall of the aorta in Marfan’s syndrome 
to those seen in “uncomplicated” dissecting 
aortic aneurysms. Among the first to describe 
the medial degenerative changes in cases of 
dissecting aneurysms of aorta were Moriani 
(1910), Shennan and Pirie (1912), and 
Turnbull (1915). Hueck (1920) and Schultz 
(1927) were particularly impressed by the 
amount of “mucoid” or “chromatropic” sub- 
stance in the wall, whereas Gsell (1928) 
suggested that muscle necrosis was an im- 
portant component of the lesion. Erdheim 
(1929, 1930) referred to the medial changes 
as “cystic medionecrosis.” This title is not 
only inaccurate, because there is no true cyst 
formation and no notable necrosis, but it is 
also singularly misleading, because from his 
descriptions it is clear that Erdheim con- 
sidered the essential morphological change to 
be the abnormal accumulation of mucoid 
material which replaced muscle, collagen, and 
elastic fibers. This material, which is similar 


to, if not identical with, the normal ground 
substance, becomes more prominent in the 
aortic media and intima with advancing years 
( Moritz, 1932). Similar medial degenerative 
changes have been described in unruptured 
aortas by Rottino (1939, 1940), Harrison 
(1939), Davies (1941), Yettra and Lasky 
(1947), and Oswald and Parkinson (1949) ; 
in these cases, the lesions were most numer- 
ous in the ascending aorta and first part of 
the arch. According to Schnitker and Bayer 
(1944) “aortic medionecrosis” is the com- 
monest cause of dissecting aneurysm in pa- 
tients under 40. We were able to confirm the 
similarity of histological appearances of the 
aortic media in Marfan’s syndrome and 
the dissecting aneurysms which we studied. 
The most impressive finding was the abnor- 
mal accumulation of mucoid material, but 
there was also some diminution in the num- 
ber of long elastic fibers. The degenerative 
changes in the case of Marfan’s syndrome 
were very severe; in contrast, however, the 
similar changes in the cases of dissecting 
aortic aneurysm were comparatively mild, 
and in 8 of the 10 specimens of aorta, 
remarkably slight. 

There is, as yet, no proof of a common 
pathogenesis in dissecting aneurysm with 
and those without Marfan’s syndrome. As 
McKusick (1955) has suggested, dissecting 
aortic aneurysm may have a varied patho- 
genesis, some being hereditary while others 
are acquired. 


Various theories have been advanced to 
account for the aortic changes in Marfan’s 
syndrome. Baer, Taussig, and Oppenheimer 
(1943), who first reported “aortic medio- 
necrosis” in this syndrome, suggested a con- 
genital defect in the media as the essential 
cause. This view, though vaguely formulated, 
is supported by the relatively high incidence 
of concomitant cardiovascular developmental 
defects. In this condition, too, it is worth 


noting that the cushion-like thickenings noted 
in the aortic and other heart valves in Mar- 
fan’s syndrome have been regarded as mani- 
festations of a developmental defect (Tobin 
and others, 1947). McKusick regards the 
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aortic abnormality as a congenital weakness 
rather than a malformation and compares it 
with the abiotrophies of the neurologists. 
Uyeyama and co-workers (1947) favored a 
developmental anomaly of the nutrient ves- 
sels of the aorta, which is one of the factors 
that Schlichter and co-workers (1949) con- 
cluded may be responsible for medial 
changes ; although this hypothesis deserves 
close attention, no basic facts have been 
adduced in its favor. Sloper and Storey 
(1953) suggested that there might be a basic 
disturbance in the ground substance due to 
primary endocrine disease. We believe that 
although the histological findings support 
this theory of a disturbance of the, ground 
substance, there is no certain indication as 
to which element of the connective tissue is 
primarily abnormal. Whittaker and Sheehan 
(1954) reported two cases of dissecting 
aortic aneurysm occurring as an isolated 
lesion in members of a family showing fea- 
tures of Marfan’s syndrome, and their find- 
ing, together with the constancy of the essen- 
tial histological findings in aortic aneurysms 
due to medial degeneration, suggests the 
possibility of a hereditary factor in all cases 
of the latter. 

While the pathogenesis of medial aortic 
degeneration is obscure, it is reasonable to 
assume that it is the degenerative change 
which is responsible for the dilatation, dis- 
section, and rupture of the wall. When rup- 
ture occurs, the site of election is in the 
ascending part of the aorta, usually just 
above the semilunar valves. At this site the 
blood pressure is maximal; furthermore, as 
Oppenheim (1918) explained, the bursting 
tension of a vessel is proportional to its 
radius and therefore the site of rupture is 
found where the circumference is greatest. 

Studies in comparative pathology might 
yield useful information, since spontaneous 
rupture of the aorta is stated to be relatively 
common in horses (Krause, 1927). More- 
over, a somewhat analogous condition to 
Marfan’s syndrome can be induced in rats 
by feeding the seeds of Lathyrus odoratus 
(Ponseti and Baird, 1952, and McKusick, 
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1955). Animal experiments of this kind may 
yield a clue to the basis of the aortic abnor- 
mality in Marfan’s syndrome. 


SUMMARY 


A description is given of the clinical and 
pathological findings in a fatal case of Mar- 
fan’s syndrome. The aortic lesions are com- 
pared with those seen in the commoner 
dissecting aortic aneurysm, and_ theories 
concerning the pathogenesis are discussed. 


Prof. J. S. Young gave help in this study, and 
Mr. R. G. M. Drummond supplied the photographs. 
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Un suspected P. regnancy 


K. M. TRUEMNER, M.D., Rockford, Ill. 


A recent paper of Arias-Stella * concerned 
the finding of atypical endometrial changes 
associated with the presence of chorionic tis- 
sue, presumably viable, following abortion 
or in the presence of such lesions as chorio- 
adenoma destruens or hydatid mole. A single 
case of somewhat similar endometrial reac- 
tion was reported in association with an 
ectopic pregnancy. The author indicated the 
need for more attention to this particular 
association. The occurrence of a similar situ- 
ation in our own material prompted this case 
report. 


REPORT OF A CASE 


A 40-year-old housewife was admitted to Rock- 
ford Memorial Hospital on April 20, 1955. Her 
chief complaint was menorrhagia of 18 months’ 
duration. There had been vaginal discharge with 
severe pruritus. She was quadrigravida, quadripara, 
with four living children, ranging from 7 to 16 
years of age. Menses began at age 12 and recurred 
at 28- to 30-day intervals, lasting 5 days. The 
patient spent two days of each period in bed because 
of dysmenorrhea. Her last normal period ‘began 
March 15 and lasted seven days, then ceased, but 
shortly thereafter vaginal spotting returned and 
recurred daily until admission. No pertinent medi- 
cal history was elicited on systemic review. Signif- 
icant physical findings were limited to the pelvic 
examination and included severe vaginal discharge 
of foamy, yellow type (Trichomonas vaginalis 
demonstrated). The cervix was large and firm. 
A small amount of blood was present in the cervical 
canal. The anterior lip of the cervix was reddened 
and slightly granular. The uterus was normal in 
position and size. The adnexa were normal to 
palpation. On April 21 a routine dilatation and 
curettage with cervical biopsy was performed. 


Submitted for publication Sept. 1, 1955. 


From the Department of Pathology, Rockford 
Memorial Hospital. i 


Mixed secre- 


Fig. 1—Endometrial curettings: 
tory and proliferative pattern. Absence of decidual 
change in stroma. Hematoxylin and eosin; X 78. 


Histologic section of five small cervical biopsy 
specimens showed localized areas of chronic inflam- 
mation and scarring accompanied by mild basal-cell 
hyperplasia of the squamous epithelium. 

Approximately 1 cc. of delicate pinkish-red 
curetting fragments was received. On _ histologic 
section most of the epithelium showed a mixed 
secretory and proliferative pattern (Fig. 1). In 
addition there were sharply contrasting areas with 
solid nests of glands composed of large cells with 
rather pale, foamy cytoplasm (Figs. 2 and 3). 
Some nuclei were large and contained prominent 
nucleoli. Other areas were pseudopapillary in 
character. The peripheral portions of these cells, 
in many instances, were fragmented and desqua- 
mating as granular debris into the lumen. The 
nuclei in the latter areas were greatly increased 
in size, with hyperchrormatism and some variation 
in size and shape. Occasional cells contained 
prominent nucleoli (Figs. 2 and 4). Mitoses were 
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Fig. 2—Endometrial curettings: Discrete focal 
islands of atypical pale epithelium. Hematoxylin 
and eosin; X 78. 


Fig. 3.—Endometrial curettings: Discrete focal 
islands of atypical pale epithelium. Increased cell 
size. Nuclear size variation and enlargement. 
Prominent nucleoli. Hematoxylin and eosin; « 650. 
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Fig. 4—Endometrial curettings: Cytoplasmic 
fragmentation. Nuclear hypertrophy and _ hyper- 
chromatism. Hematoxylin and eosin; X 650. 


Fig. 5.—Trophoblastic tissue and villi. Left Fal- 
lopian tube. Note absence of significant inflamma- 
tion and retrogressive change. Hematoxylin and 
eosin; X 78. 


ATYPICAL ENDOMETRIUM—TUBAL 
not frequent. Stromal invasion was not apparent. 
Decidual alteration of the stroma was not demon- 
strated. 

This endometrium was reported as showing focal 
hyperplasia with malignant alteration. A total 
hysterectomy with bilateral salpingo-oophorectomy 
was performed on April 23. 

The surgical specimen consisted of both Fallopian 
tubes and ovaries and the entire uterus and included 
generous segments of both broad ligaments. There 
was moderate, diffuse, symmetrical enlargement of 
the uterus. The cervix showed evidence of recent 
multiple surgical biopsies. A small endometrial 
area of fibrotic puckering was present near the 
internal os. The endometrium showed evidence of 
recent, thorough curettage. The right ovary con- 
tained a small follicular cyst, and the right Fal- 
lopian tube was normal. The left Fallopian tube 
contained a fusiform swelling in its middle third 
measuring 6X3 cm. The tubal wall was thinned 
but intact. The lumen of the tube contained a firm 
blood clot, which, in turn, surrounded a central 
smooth-lined cavity. No embryo was identified in 
the cavity. Numerous histologic sections of the 
endometrium showed changes of recent surgical 
trauma with only the basal portions of the glands 
represented. Areas similar to those of the original 
curettage were not seen. No areas of decidual 
change of the stroma were encountered. Sections 
of the clot from the Fallopian tube contained 
numerous well-preserved immature, placental villi 
with prominent masses of trophoblast on their 
surface (Fig. 5). The left ovary contained a well- 
preserved corpus luteum, 1.5 cm. in diameter. 


COMMENT 


In the case here reported the surgical pa- 
thologist could not claim ignorance, at the 
time of the original examination, of the re- 
port of Arias-Stella. There was no clinical 
suspicion of pregnancy. The diagnosis ren- 
dered had malignant implications and led to 
removal of the uterus. The sequence of events 
underlines the need for further study of this 
association. There is some doubt in my mind 
as to the possibility of establishing rigid cri- 
teria which would allow recognition of this 
atypical epithelial reaction as specifically re- 
lated to the presence of trophoblastic tissue 
within the patient. This is especially so in 
routine curettings which do not show decid- 
ual change of stroma or evidence of intra- 
uterine pregnancy. Novak and Novak? in 
their textbook, discussing atypical epithelial 
hyperplasia, caution against overinterpreta- 


PREGNANCY 


tion of epithelial alterations which are focal 
and possibly reversible. One variety of 
change mentioned and illustrated in their 
textbook of gynecologic pathology bears some 
resemblance to the changes presented here. 
No mention is made of association with the 
presence of intrauterine or extrauterine 
trophoblastic tissue. 

If we accept the pathogenesis of the lesion 
as focal atypical changes in endometrial 
glands as a response to trophoblastic tissue, 
certain features suggest themselves in retro- 
spect which might be useful in recognizing 
this lesion. The increase in epithelial-cell 
size with foamy cytoplasm and the fragmen- 
tation of distal portions of cells with accumu- 
lation of debris in the lumen are reminiscent 
of normal secretory activity. The stroma in 
the case at hand did not participate in a ges- 
tational reaction. There is some inconsistency 
between the nuclear changes of hypertrophy, 
hyperchromatism, and pleomorphism and the 
absence of increased mitotic activity. 

The classical conception of the effects of 
pregnancy on the endometrium asserts that 
no matter in what organ a pregnancy may 
occur the uterine mucosa (glands and stro- 
ma) will respond by a decidual reaction 
which will persist until the death of the 
embryo. If we postulate that the lesion here 
presented is a response to pregnancy, we 
must either modify this classical concept to 
allow a partial (glandular) response with 
failure of stromal participation or assume 
complete degeneration of the decidua with 
the persistence of focal epithelial alterations 
in the regenerating glands following death 
of the embryo. A routine Friedman test for 
chorionic gonadotropins was negative on the 
day following surgery in the case under dis- 
cussion. The embryo in this tubal pregnancy 
had degenerated. Histologic sections showed 
well-preserved trophoblast. We might be 
justified in the hypothesis that biologic ac- 
tivity remained in the trophoblastic tissue 
sufficient to produce focal responses in the 
epithelium of the endometrium but insuffi- 
cient to effect a total decidual change in the 
stroma or entire glandular structure. 
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All ffie above discussion does not account 
for the apparent severe alterations in nuclear 
size, staining reaction, and shape beyond the 
changes seen in the ordinary examination of 
gestational endometrium. 


Two recent articles by Arias-Stella may 
shed additional light on the pathogenesis of 
this lesion.* He was able to produce changes 
similar to those under discussion, in the 
endometrium of mature female white rats 
by the use of varying proportions of chorion- 
ic hormone and estrogen in the intact animal. 
The use of either hormone alone in the nor- 
mal animal or both hormones in the castrated 
animal was not productive of similar lesions. 

At the present time I believe that the 
surgical pathologist must be aware of the 
possibility of alarming focal alterations in 
uterine curettings which may represent re- 
versible changes produced by viable tropho- 
blastic tissue associated with such conditions 
as ectopic pregnancy, incomplete abortion, 
hydatidiform moles, and various types of 
malignant chorionic neoplasms. The lesion 
is especially troublesome if no clinical suspi- 
cion of pregnancy exists and the curettings 


* References 3 and 4. 
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do not contain evidence of pregnancy in the 
form of true decidual tissue or placental 
fragments, 
SUMMARY 

A case of focal atypical epithelial reaction 
in the endometrium associated with tubal 
pregnancy is presented. The importance of 
this lesion to the surgical pathologist is em- 
phasized. Certain histologic criteria are sug- 
gested which may indicate this reaction in 
routine endometrial curettings which do not 
demonstrate true decidual change. 

Photomicrographs used in this paper were pre- 
pared by Mr. Stanley Harris in the Department of 
Medical Photography, Rockford Memorial Hospi- 
tal. Dr. Edward W. Klink, of the Medical Clinic 
of Rockford, granted permission to use this case. 
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Chal and Specimens 


KENNETH WOLFE, B.S., Cleveland 


Many methods and many injection ma- 
terials have been used to demonstrate the 
vascular system of the heart. Swammerdam 
(1672) was the first to use a substance which 
would harden in the coronary arteries. His 
injection material was hot wax stained with 
cinnabar. Important contributions to our 
understanding of this problem have been 
made by Spalteholz * (1907), Gross * (1921), 
Narat and co-workers* (1936), Batson’ 
(1930), Whitten ' (1928), and many others. 

Spalteholz described a method for clearing 
specimens which, with a more complete 
bleaching method devised by Batson, is the 
procedure used at the present time in our 
laboratory. Gross described a barium sulfate- 
gelatin mixture for the injection of coronary 
arteries, and we have used a similar mixture, 
since 1930, for the injection of several thou- 
sand hearts. Narat and co-workers described 
the preparation of multi-colored corrosion 
specimens using Vinylite solutions. Batson 
published a classical description of the myo- 
cardial circulation in 1930 and has been an 
outstanding exponent of many injection ma- 
terials and methods. His pioneering work 
resulted in the development of a plastic ma- 
terial for corrosion specimens, Justi #17, 
which is superior to any material previously 
used for such preparations. Whitten pre- 
sented an excellent historical review of in- 
jection materials and methods used prior to 


1928 and described a method for preparing’ 


corrosion specimens using Celluloid solutions. 


Submitted for publication Nov. 4, 1955. 

From the Beck Cardiovascular Research Lab- 
oratory, Western Reserve University School of 
Medicine, Cleveland. 


Our present purpose is to describe the 
technique used with the barium sulfate- 
gelatin mixture and with the Justi #17 cor- 
rosion material, and to present a technique 
for embedding the resulting specimens in 
blocks of transparent plastic. The Vinylite 
and Celluloid methods produced specimens 
which were subject to considerable shrinkage, 
whereas the Justi #17 material maintains 
the casts in their natural size. It is less 
brittle than the other materials, and a com- 
plete injection can be performed in a few 
minutes, 

Inspired by the success of Kampmeier and 
Haviland? (1948), we began embedding 
cleared hearts in “Castolite” and developed 
a procedure which produced a number of 
satisfactory specimens. Other similar plastic 
materials, such as “Plasticast,” ““Glasycast,” 
and “Bio-Plastic,” were later used with a 
number of good results. At the present time 
we are using “Selectron #5026,” which has 
produced clearer plastic blocks than the other 
materials. We have obtained extreme trans- 
parency in our cleared hearts preserved in 
a methyl salicylate-benzyl benzoate solution, 
and the ideal sought in our plastic-embedding 
technique is to equal this transparency when 
the hearts are transferred to the plastic. 

All of these plastic materials become water- 
clear if they are cured at a temperature of 
approximately 115 F to 150 F. Incomplete 
curing causes milkiness and a greenish tint 
in the finished block, For practical reasons, 
in that the specimen being embedded and the 
plastic itself expand at different rates, it 
is necessary to compromise with the ideal 
situation and use only as much catalyst as 
is necessary to produce complete polymeriza- 
tion at room temperature. The amount of 
catalyst used and the number and thickness 
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of layers required have been determined by 
trial-and-error experimentation. It was ob- 
served that even when all factors were as 
well controlled as possible, the cleared speci- 
mens became considerably less transparent 
when embedded in room air. The difficulty 
was thought to be due to moisture absorbed 
from the air during the polymerization proc- 
ess, and the embedding procedure was trans- 
ferred to desiccator jars containing “activated 
alumina” as a drying agent. The results were 
immediately improved. Not only did the 
plastic approach the ideal water-clearness, 
but the specimens retained most of their 
transparency. Perfection has not been 


achieved, but the results are encouraging. 


INJECTION AND CLEARING TECHNIQUE 

Material——Barium sulfate-gelatin mixture. 

850 cc. water 
150 gm. powdered gelatin, C. P. 
500 gm. barium sulfate, C. P. 

Place hot tap water in the top of a double boiler 
and add the gelatin, stirring until dissolved. Main- 
tain boiling water in the bottom of the boiler. Add 
the barium sulfate slowly and stir until dissolved. 
Filter through a gauze sponge into storage jars, 
preferably covered wide-mouth bottles of 500 cc. 
capacity. Fill these bottles approximately half full. 
These bottles are kept in a refrigerator until needed. 
If dyes are to be added, they are stirred in the hot 
mixture. “Carmine” and “water-color vermilion” 
have been the most satisfactory dyes in our ex- 
perience. 

Equipment.—Dissecting set, consisting of scissors, 
probe, and several curved mosquito clamps. 

One spool heavy silk 

Cannulae, made from #12, #15, $18, #20 hypo- 
dermic needles by cutting off tip 

One 10 cc. glass syringe, plain tip 

Two glass stirring rods 

Two jars of barium sulfate-gelatin mixture, 
one red and one white 

Injection Procedure.—1. Place the barium sul- 
fate-gelatin mixture in a pan of water and heat 
until the material becomes fluid. 

2. While the material is being heated, cannulate 
the vessels to be injected. Cannulate the coronary 
arteries as near the ostia as possible. If all the 
arteries are to be injected with the same color, it is 
possible to inject through the aorta after clamping 
off the aorta distal to the arteries. Extreme care 
must be taken to see that the arteries are open for 
free flow after the clamp has been applied. If the 
venous system is to be injected, a cannula is inserted 
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through the right atrium into the coronary sinus 
at its ostium. All cannulae are held in place by ties 
of heavy silk so placed that the cannula can be 
withdrawn after injection and the vessel tied off 
to prevent leakage of the injection mass. The ves- 
sels are perfused with a few cubic centimeters of 
saline to insure proper functioning of the cannulae. 

Flush the syringe with hot water. Fill with 
approximately 8 cc. of white barium sulfate-gelatin 
mixture and inject into the proper cannula with a 
gentle, pulsating pressure. The surface vessels can 
be observed as they fill, and complete injection is 
obtained within a very short time. When the back 
pressure is felt in the injected vessel, stop the injec- 
tion, remove the cannula, and tie off the vessel. The 
syringe containing the white injection mass is trans- 
ferred to any other vessel requiring the same color, 
and the same process is repeated. Any excess is 
returned to the storage jar, the syringe is flushed 
with hot water, and the red injection mass is drawn 
up in the syringe and used in the same manner as 
the white. When the injection is complete, the heart 
is placed in a pan of cold water to hasten solidifica- 
tion of the barium sulfate-gelatin mixture. Ali 
equipment used during the injection procedure 
should be quickly cleaned with hot water. The 
specimen, after examination and after washing out 
any material which may have spilled into the cavi- 
ties, is placed in 10% formalin. 

Clearing.—After the specimen has been in 10% 
formalin for two weeks, it is placed in cold running 
water for several hours. This washing process 
removes the excess formalin and is followed by 
immersing the specimen in the following solutions 
for the periods indicated: 

1. Hydrogen peroxide, 35% (Albone-Dupont) : 
two to five days. (This bleaches the tissue 
thoroughly and is essential if the resulting 
specimen is to obtain maximum transparency. 
Following this, the specimen is again washed 
in cold running water for several hours.) 

2. Alcohol, 95% : seven days. 

(Repeat this step once or twice, depending on 
the number of specimens being cleared at one 
time. Every specimen must be completely de- 
hydrated. ) 

3. Alcohol, absolute: seven days. 

(Repeat this step once or twice, depending on 
the number of specimens. ) 

. Benzene, C. P.: seven days. 

(Repeat this step once. Specimens should be 
partially transparent. ) 

. Cover specimens with a solution of 65% methyl 
salicylate and 35% benzyl benzoate. 

They will attain maximum transparency within 
the first 24 hours. They can be preserved in- 
definitely in this medium or can be embedded 
in transparent plastic by the method to be 
described. 


PLASTIC-EMBEDDED HEARTS—CLEARED 


Fig. 1—Cleared heart embedded in plastic. Ar- 
teries are injected with red, and veins with white, 
barium su!fate-gelatin mixture. Descending coro- 
nary artery and magna cordis vein are shown on 
the right, as this block is viewed from the front 
or label side. 


CORROSION PREPARATIONS 


Material.—Justi #17 (Ward's Natural Science 


Establishment, Inc., Rochester, N. Y.) 
Justi Plastic Polymer Powder (H. D. Justi & 


Son, Inc., Philadelphia ) 
Dyes: Red—artificial cinnabar or mercuric 
sulfide (Fisher Scientific, Pittsburgh) 
Yellow—benzidene yellow (Harmon Color 
Works, Paterson, N. J.) 
Blue—blue toner (Harmon Color Works, Pat- 
erson, N. J.) 
Green—opaline green (Harmon Color Works, 
Paterson, N. J.) 

Equipment.—Medicine glasses, 3 
Glass stirring rods, 3 
(If more than three colors are used, more of 
the above items are necessary.) 
1 set of measuring spoons 
Three wide-mouth bottles (250 cc.), filled with 
acetone for cleaning syringes and cannulae 
Cannulae, made from #12, #15, #18, #20 hypo 
needles by cutting off tip 
1 spool heavy silk 
1 dissecting set, consisting of scissors, probe, 
and several mosquito clamps 


PREPARATION OF SPECIMEN FOR INJECTION 


Procedure-—Cannulate the coronary arteries as 
near the ostia as possible. One cannula is placed 
in the right, and another, in the common left. Oc- 
casionally it is desirable or necessary to cannulate 
the descending and circumflex separately. The ar- 
teries can be injected through the aorta, if proper 
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care is exercised in clamping off the aorta distal 
to the coronaries. This has a real advantage in the 
corrosion specimens, because the relative positions 
of the left and right coronaries are maintained. If 
the venous system is to be injected, a cannula is 
inserted through the right atrium into the sinus 
ostium. All cannulae are held in place by ties of 
heavy silk. Only the first knot is set so that the 
vessels can be completely occluded after they are 
injected and the cannulae removed. The vessels are 
perfused with a few cubic centimeters of saline to 
insure the proper functioning of the cannulae. 


Basic Solution for Injection 

25 cc. Justi #17 

5 cc. catalyst 

3 drops promoter 

Since the entire coronary system of a dog’s heart 

can often be filled with 10 to 15 cc. of material, it 
is desirable to reduce the amount proportionately 
if only one specimen is being done at one time. 
Also, since the material penetrates to the capillary 
bed, it is desirable to increase the viscosity at times 
in order to get a less complete injection. For this 
purpose, approximately % teaspoonful of plastic 
polymer powder is mixed in the 25 cc. of Justi #17. 
A small amount of dye is picked up on the stirring 
rod and stirred in the mixture. The catalyst is 
added, and the mixture is stirred slowly by a 
mechanical stirrer for 10 minutes. The promoter is 
not added until just before the injection is per- 
formed, because the material sets quickly after it 
is added. All the different-colored solutions are 
prepared in the same way and lined up for use 
before the promoter is added. 


Fig. 2—Same heart as in Figure 1, viewed from 
the opposite side of the block. The origin of the 
coronary sinus is seen in the upper central portion 
of the picture. 
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Fig. 3.—Corrosion specimen embedded in plastic. 
Arteries are injected through the aorta with red 
Justi #17, and veins are injected with yellow Justi 
#17 through the ostium of the coronary sinus. The 
coronary sinus and the vein which empties into the 
right auricle beyond the sinus ostium are shown 
centrally, as this block is viewed from the label 
side. 


Removal of the material from the syringes is 
very difficult, and the injection must be performed 
quickly and systematically. The syringes are filled 
with acetone from the cleaning bottles. The pro- 
moter is stirred in the first color to be used. The 
acetone is expelled into the cleaning bottle, and 
from 8 to 10 cc. of the corrosion material is drawn 
up in the syringe. This is quickly injected into 
the proper cannula, using only enough pressure to 
fill the vessels and not rupture them. Experience 
and an “educated thumb” will determine the pres- 
sure required. The cannula is pulled out of the 
vessel, and the vessel is tied off. Other cannulae 
are injected with the same color, if desired. The 
excess is then expelled into the medicine glass, 
acetone drawn into the syringe, and the used can- 
nulae rinsed with acetone. The material solidifies 
in approximately one-half hour and can be placed 
in a KOH solution within an hour after injection. 
A commercial grade of KOH flakes is used, and 
the solution is approximately saturated. A dog’s 
heart is usually entirely corroded in 24 hours, but 
if it appears to need further corrosion, a fresh solu- 
tion is prepared. When the corrosion is complete, 
the specimen is washed gently under cold running 
water until all tissue is removed. It is then dried 
in room air and can be preserved in one of several 
ways. It can be kept on a shelf in a closed cabinet, 
but will be subject to breakage from handling. 
Various sizes of plastic boxes are available which 
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will fit the specimen nicely and preserve it from 
breaking. The best method, and the only permanent 
one, is to embed the specimen in a block of trans- 
parent plastic where it can be handled without harm. 
Furthermore, the plastic block enhances the appear- 
ance of the specimen, because of the lens effect of 
the polished plastic. 


EMBEDDING SPECIMENS IN PLASTIC 


Material—Selectron #5026, with catalyst, t-butyl 
hydroperoxide (Pittsburgh Plate Glass Co., 
Pittsburgh) 

Equipment.—Mixing jar and glass stirring rod 
Tuberculin syringe to measure catalyst 
Molds, constructed from double-strength win- 
dow glass cut to size and held together with 
Scotch tape. 

Dog hearts were embedded in molds 3x34 in. or 
4X45 in., whereas human hearts were embedded 
in a mold 7 in. long x 5 in. wide X 5 in. high. 

Procedure.—The cleared heart is removed from 
the methyl salicylate-benzyl benzoate solution and 
covered with uncatalyzed plastic in a wide-mouth 
jar. The top is put on the jar, and the jar is placed 
in a refrigerator for several days so that the speci- 
men can become impregnated with plastic. 

A quantity of Selectron sufficient to form a layer 
approximately one-fourth inch in thickness in the 
bottom of the mold is mixed in the following pro- 
portions: 1 cc. of catalyst in 200 cc. of Selectron. 
The catalyst is thoroughly stirred into the solution. 


Fig. 4—Same specimen as in Figure 3, viewed 
from the opposite side of the block. Descending 
and right coronary arteries can be seen emerging 
from the aorta in the upper right-hand corner of 
the block. 
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PLASTIC-EMBEDDED HEARTS—CLEARED 


The size of the mold used is determined by the size 
of the specimen and should be such that there will 
be approximately one-fourth inch of plastic sur- 
rounding the specimen in all directions. 


This plastic, as well as all others of a simi- 
lar nature, obtains its maximum hardness and 
clarity when heated at a temperature of ap- 
proximately 115 F to 150 F. However, the 
addition of a specimen to the plastic sets 
up stresses and strains which make it im- 
practical to embed specimens and heat the 
block. There may be cracking of the plastic 
and separation of the specimen from the 
plastic. Hence a compromise is necessary, 
and we have determined the maximum 
amount of catalyst which can be used to 
polymerize the plastic at room temperature 
without producing excessive heat. Since the 
milkiness seen in the finished blocks was 
found to be partly due to the humidity in 
the air, the embedding process was trans- 
ferred to desiccator jars containing “activated 
alumina.” This procedure has resulted in 
greatly improved appearance of the blocks 
and greater transparency in the cleared hearts 
which were embedded. After the base layer 
has polymerized and cooled to room tempera- 
ture, the specimen is positioned. A label is 
made by typing with a black ribbon on white 
cardboard. The label is placed face-down 
on one corner of the base layer. The principal 
viewing surface of the specimen is placed 
against the base layer. A quantity of Selec- 
tron is mixed in the proportion of 1.0 cc. 
of catalyst to 200 cc. of Selectron. The mix- 
ture is poured into one corner of the mold 
and allowed to flow about the specimen. This 
maneuver is particularly important when 
embedding corrosion preparations, because 
they will collapse if the Selectron is poured 
over them. The mold is placed in the desic- 
cator jar, and vacuum is applied and released 
several times to remove the air bubbles from 
the specimen. This procedure is more im- 
portant in the cleared specimens because 
more air is trapped in the intact hearts. Care 
is taken to see that the label does not float 
out of position, or the heart move out of the 
center of the base layer. After this layer 
has set and cooled, succeeding layers are 
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poured until the specimen is covered by at 
least one-fourth inch of plastic. It is usually 
best to pour numerous layers approximately 
one-fourth inch thick, but in the small molds, 
such as the 334 in. size used for many 
dog hearts, it is possible to use layers ap- 
proximately 1 in. thick. 

It will be found that the surface in contact 
with air never completely hardens. This sticky 
surface is scraped away with a knife after 
the block is removed from the mold. Some 
of the blocks can be removed from the intact 
molds by chilling the specimen in a refrigera- 
tor overnight. A thin knife blade is then 
introduced between the glass and the plastic 
on all sides. The mold is then inverted and 
tapped sharply on the table top. If the block 
will not drop out of the mold, then the Scotch 
tape is cut at the corners and the glass plates 
gently pried or tapped away from the block. 
In most instances, it is possible to remove 
the glass plates intact and re-use them. The 
disassembled plates are soaked in a solution 
of household bleach for several days. At the 
end of this time, they are scrubbed with a 
stiff brush under warm running water until 
clean. They are then dried and reassembled 
for future use. 


To sand and polish the blocks properly 
requires special equipment and a room apart 
from the general laboratory area, where the 
plastic dust can be controlled. We find it more 
practical to send the blocks to a firm equipped 
to handle plastic materials, such as the House 
of Plastics, Cleveland, where a professional 
job can be done quickly. 


CONCLUSION 


We have developed a practical method for 
embedding fairly large specimens in plastic. 
There are still problems to overcome, and 
these will continue to occupy our attention 
until satisfactorily solved. Our results have 
been greatly improved by transferring the 
embedding process from room air to desic- 
cator jars containing “activated alumina.” 
The small amount of moisture absorbed 
from the air can produce milkiness in the 
plastic and opacity in the previously cleared 
specimen. 
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News and Comment 


PERSONAL 


Appointment of Dr. Sidney Farber.—Dr. Sidney Farber, Professor of Pathology, Harvard 
Medical School, was named Life Chairman of the United Cerebral Palsy Research Advisory 
Board at the United Cerebral Palsy Sixth Annual Convention, Nov. 11-13, 1955, in Boston. 


Albany Medical College Announces Promotions.—The Albany Medical College of 
Union University has promoted Dr. Victor N. Tompkins to an associate professorship in 
pathology, and has made Dr. William Thomas Smyth assistant professor of pathology and 
bacteriology. 


Election of Dr. David A. Wood.—Dr. David A. Wood, Director of the Cancer Research 
Institute of the University of California Medical School in San Francisco, has been elected 
Vice-President and President-Elect of the American Cancer Society. On Dec. 31, 1955, he 
terminates his year of service as President of the College of American Pathologists. 


GENERAL NEWS 


Iowa Court Decision.—In the recent court action in Polk County, Iowa, District Judge 
C. Edwin Moore ruled that it is illegal for Iowa hospitals to employ physicians whose services 
are paid for from charges to patients. The ruling is based on the principle that pathologists and 
radiologists are engaged in the practice of medicine, and that under the present circumstances the 
hospitals in lowa have been engaged in the illegal practice of medicine insofar as their employ- 
ment of pathologists and radiologists is concerned. It has not yet been announced whether the 
Hospital Association of Iowa plans to appeal the decision to the State Supreme Court. 
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P. ulmonary Mhacormycosis 
in Rabbits with 


Increased Invasiveness of Fungus During Acute Toxic Phase of Diabetes 


T. DAVID ELDER, A.B. 
and 
ROGER DENIO BAKER, M.D., Durham, N. C. 


Diabetes mellitus is the commonest condi- 
tion predisposing to the development of 
mucormycosis, a fungus infection observed 
with increasing frequency in recent years. 
Three of seven cases of pulmonary mucor- 
mycosis reported by Baker’ occurred in the 
presence of diabetes, and one case reported 
by Lloyd, Sexton, and Hertig? showed 
features suggesting diabetes. In a series of 
cases of cerebral mucormycosis reported by 
Bauer, Ajello, Adams, and Hernandez,* 6 of 
11 cases were associated with diabetes 
mellitus. Harris * has reported one case of 
mucormycosis in a diabetic girl with recov- 
ery following regulation of her diabetes. 

The etiologic agents of this disease appear 
to be various species of Rhizopus, Mucor, 
or Absidia of the order Mucorales, which 
are normally considered nonpathogenic and 
are found as common contaminants in most 
laboratories. 

The cerebral form of mucormycosis has 
recently been reproduced in rabbits with 
alloxan diabetes by Bauer, Flanagan, and 
Sheldon.’ They instilled spores of Rhizopus 
oryzae, isolated from a fatal case of cerebral 
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mucormycosis, into the noses of alloxan- 
diabetic rabbits. The resulting meningeal and 
cerebral lesions in every way resembled those 
of the human disease. 

Our study was undertaken to implicate 
alloxan diabetes as a predisposing factor in 
the pathogenesis of the pulmonary form of 
experimental mucormycosis. 


MATERIALS AND METHODS 


Male rabbits of about 2 kg. in weight, maintained 
on a diet of water, commercial rabbit chow, and 
one-third of a head of lettuce per day, were used in 
the experiments. They were made diabetic, while 
under ether anesthesia, by the intravenous admin- 
istration of a single injection of alloxan mono- 
hydrate. This was dissolved in a 0.1 M acetate 
buffer at pH 4. The amount given was based on 
200 mg. of the drug per kilogram of body weight of 
the rabbit. 

Blood-glucose values were determined by the 
micromethod of Reinecke.* All diabetic rabbits used 
in the experiment had blood-glucose values above 
300 mg. per 100 cc., while all normal control ani- 
mals had values below 150 mg. per 100 cc. as ascer- 
tained by several determinations. 

Rhizopus arrhizus, isolated from the case reported 
by Harris, was employed in the experiments. Sus- 
pensions of spores were obtained by pouring sterile 
Ringer’s solution over cultures of the fungus on 
Sabouraud’s glucose-agar slants, breaking up the 
mycelium with a sterile loop, and then shaking the 
tubes. The number of spores per cubic millimeter of 
suspension was determined in a blood-cell counting 
chamber, and the percentage of spores by volume 
was measured after centrifugation of the suspension 
in a hematocrit tube for 10 minutes at 2500 rpm. 

The rabbits were inoculated intratracheally with 
known quantities of spores. In this procedure a 
rabbit was anesthetized with ether, and the trachea 
was surgically exposed. During the injection of the 
suspension of the fungus, the rabbit was held on the 
right side at such an angle as to allow the material 
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to run into the right main-stem bronchus. Non- 
diabetic rabbits were injected with the fungus in 
the same way. 

As each diabetic rabbit died (or was killed) a 
nondiabetic control animal was killed also. All ani- 
mals were subjected to complete autopsy. Cultures 
were taken from finely divided pieces of the lower 
lobe of the right lung. Hematoxylin and eosin sec- 
tions of the brain, lungs, heart, liver, kidney, and 
spleen of each animal were studied microscopically. 


RESULTS 
Ruizopus PNeuMoNIA IN AcuTE Toxic ALLOXAN 
DIABETES 

Three diabetic rabbits and three nor- 
mal control rabbits were inoculated intra- 
tracheally, each with a different quantity of 
R. arrhizus spores, two days after admin- 
istration of the alloxan. The doses used were 
0.25 cc., 0.50 cc., and 0.75 cc. of a 10% 
suspension of spores which contained 20,000 
spores per cubic millimeter. The total dose 
of spores per rabbit was thus 5,000,000, 
10,000,000, and 15,000,000 spores, respec- 
tively (Table 1). 

Effect of 15,000,000 Spores.—The diabetic 
animal receiving 15,000,000 spores died in 
approximately 20 hours. When the chest 
was opened, the right lung did not collapse. 
The free surface of the right lung was nodu- 
lated (Fig. 1), as was the cut surface. The 
left lung appeared normal. The trachea was 
filled with bloody frothy fluid. The other 
organs were not remarkable. 


Tasie 1.—Acute Toxic Phase of Alloxan Diabetes 
with Infection of Rabbits by Intratracheal 
Injections of Rhizopus Arrhizus 


Duration Interval to 
of Diabetes Size of Dose, Death 
Rabbit Prior to in Millions Following 
No. Inoeulation of Spores Inoculation * 
1 2 days 15 20 hr. 
2 2 days 10 36 hr. 
3 2 days 5 72 hr. 
4 Control 15 20 hr. 
(nondiabetic) 
5 Control 10 36 br. 
(nondiabetic) 
6 Control 5 72 hr. 
(nondiabetic) 
7 3 days 5 24 br. 
8 3 days 5 36 hr. 
g Control 5 % br. 
(nondiabetic) 
10 Control 5 36 hr. 


(nondiabetic) 


* All diabetic rabbits died spontaneously, and all control 
rabbits were killed with chloroform. 
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Fig. 1 (Diabetic Rabbit No. 1).—Posterior as- 
pect of the lungs of an acutely toxic alloxan-diabetic 
rabbit that died 20 hours after intratracheal injec- 
tion of R. arrhizus. The pleura of the right lung 
shows dark foci of pneumonia and atelectasis. The 
normal left lung has shrunk after its removal from 
the thorax. 


Microscopic study of the right lung showed 
ulcerative bronchitis, bronchiolitis, and peri- 
bronchial pneumonia. Polymorphonuclear 
leucocytes filled the large and small bronchi, 
bronchioles, and adjacent alveoli, and edema 
fluid and fibrin were plentiful. Hyphae were 
present in large numbers and were seen 
invading the walls of small- and medium- 
sized vessels, producing endarteritis and 
phlebitis and causing thrombus formation. 
The characteristic brown spores of the in- 
oculum were present in the areas of cellular 
infiltrate of the pneumonia but were very 
few in number, and most of them appeared 
to have been transformed into hyphae. 
Lymphatics were distended with edema fluid. 
The left lung was not involved in this in- 
flammatory process. The renal tubular epithe- 
lium showed necrosis, hyaline change, and 
desquamation which was attributed to the 
toxic effects of alloxan. The other organs 
were not remarkable. 


The nondiabetic control animal receiving 
the same dose of 15,000,000 spores was 
killed and presented the same necropsy find- 
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ings except that the pulmonary lesions were 
less extensive. 


Microscopic study showed mild bronchitis, 
bronchiolitis, and peribronchial pneumonia. 
The changes were much less extensive and 
were mainly confined to the upper lobe of 
the right lung. There was no ulceration of 
bronchial epithelium. The brown spores of 
the inoculum were plentiful among the acute 
inflammatory cells, but hyphae were seen 
only in small numbers in blood in a large 
bronchus and there was no involvement of 
blood vessels. The pneumonia was less 
edematous and less extensive than in the 
diabetic animal. There was less congestion 
of vessels. The degree of nuclear fragmenta- 
tion of polymorphonuclear cells was about 
equal. The other organs were not remarkable. 


MacCallum’s bacterial stain failed to reveal 
any concomitant bacterial infection in sec- 
tions of the bronchi and lungs in either of 
these two animals. 


Fig. 2 (Diabetic Rabbit No. 2).—Hyphae of 
R. arrhizus within the lumen (upper half of picture) 
of a large bronchus of an acutely toxic alloxan- 
diabetic rabbit. There is acute necrotizing bronchi- 
tis. x 145. 


PULMONARY MUCORMYCOSIS—ALLOXAN 


DIABETES 


Fig. 3 (Diabetic Rabbit No. 2).—Hyphae of 
R. arrhizus invading the wall (lower center) and 
lumen (upper half) of a medium-sized pulmonary 
artery, causing thrombus formation. Xx 408. 


Positive cultures of R. arrhizus were ob- 
tained from the lungs of both animals. 

Effect of 10,000,000 Spores.—The diabetic 
animal receiving the dose of 10,000,000 
spores died in approximately 36 hours. Blood 
ran from the nose, and frothy fluid filled the 
trachea. The right lung was nodulated like 
that of the first diabetic rabbit. There were 
petechial hemorrhages on the surfaces of the 
kidneys. 

Microscopically there was abundant hyphal 
growth of fungus in the trachea, main 
bronchi, and pneumonic foci. 

Sections of bronchi (Fig. 2) showed 
abundant hyphal growth with some regions 
free of polymorphonuclear cells but other 
regions with intense polymorphonuclear re- 
sponse and karyorrhexis of these cells. The 
mucosa was autolyzed and desquamated. 
Hyphae extended through cartilage. Adja- 
cent arteries (Fig. 3) were penetrated with 
hyphae and thrombosed, as were veins. 
Endophlebitis and endarteritis were striking. 
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Fig. 4 (Diabetic Rabbit No. 2).—Hyphae of 
R. arrhizus within pulmonary alveoli of an acutely 
toxic alloxan-diabetic rabbit, showing a poly- 
morphonuclear and serous inflammatory reaction. 
x 408 


Dilated lymphatics filled with fluid contained 
hyphae. The pneumonia was diffuse with 
much edema fluid, fibrin, and cellular exudate 
(Fig. 4). The cells were chiefly polymorpho- 
nuclear, though there were more lymphocytes 
and macrophages than in the 20-hour diabetic 
rabbit. Some of the conglomerations of 
neutrophiles in the lung showed necrosis 
centrally. Renal tubular degeneration was 
noted. 


The nondiabetic rabbit receiving the same 
dose of 10,000,000 spores, when killed, pre- 


sented lungs which appeared normal grossly. 


Microscopic study failed to show lesions 
in the lungs. Spores and hyphae were not 
demonstrated in the tissues. 

A positive culture of R. arrhizus was ob- 
tained from the lungs of the diabetic animal 
but not from the normal control rabbit. 

Effect of 5,000,000 Spores.—The diabetic 
animal receiving the dose of 5,000,000 spores 
died in approximately 72 hours. Both lungs 
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were mottled white and dark red on the 
pleural surfaces, but this was not so marked 
as in the first two diabetics. The cut surface 
revealed exceedingly fine nodulations. The 
kidney surfaces presented white nodules, 1 
mm. in diameter. The other organs appeared 
normal. 


Microscopic sections showed minute ab- 
scesses throughout the lungs, with necrosis 
of hyphae and exudate in the centers of 
such regions. The exudate consisted of about 
equal numbers of polymorphonuclear cells 
and “round cells” (macrophages and lympho- 
cytes). In several regions there was diffuse 
hyphal growth of fungi in the lung tissue and 
necrosis of the parenchyma, with a rim of 
polymorphonuclear cells at the edge of the 
necrotic foci. There 
and thrombosis of large vessels, and no 
bronchitis. The pulmonary lesions appeared 
to be of hematogenous origin, since the 


was minimal invasion 


minute abscesses contained central throm- 


Fig. 5 (Diabetic Rabbit No. 3).—Abscess con- 
taining a hypha of R. arrhizus within the liver of 
an acutely diabetic rabbit. > 408. 


Wad 


PULMONARY 


Fig. 6 (Diabetic Rabbit No. 3).—Hyphae of 
R. arrhizus within the kidney of an acutely toxic 
alloxan-diabetic rabbit. x 408. 


bosed vessels and were not related to bron- 
chioles. There were hematogenous abscesses 
in myocardium, liver (Fig. 5), kidney (Fig. 
6), diaphragm, and spleen. 

The nondiabetic control rabbit which re- 
ceived the same dose of 5,000,000 spores, 
when killed, presented lungs with areas of 
consolidation. The other organs were not 
remarkable. 


Microscopically the consolidated pulmo- 
nary foci contained lymphocytes, macro- 
phages, and polymorphonuclear cells in large 
numbers, but also many giant cells in which 
brown spores of the inoculum occurred ( Fig. 
7). The infiltrated pulmonary tissue pre- 


sented cuboidal-cell alveolar regenerating 
epithelial cells. Focal lesions, with central 
necrosis devoid of organisms, presented 
peripheral fibroblastic response. No hyphae 
were present. 

Again a positive culture of R. arrhizus was 
obtained from the lungs of the diabetic rab- 
bit but not from the control. 


MUCORMYCOSIS—ALLOXAN DIABETES 


Ruizopus INFECTION IN ACUTE TOXIC AND 
Curonic ALLOXAN DIABETES 

This study was an attempt to duplicate 
the lesions produced in the previous ex- 
periment. 

Three diabetic rabbits were inoculated 
intratracheally with 0.25 cc. of a 10% sus- 
pension of R. arrhizus spores containing 
about 20,000 spores per cubic millimeter. 
This dose of 5,000,000 spores was considered 
optimal from the previous experiment, since 
it allowed the animal to live long enough 
for dissemination to occur. 

Two of the diabetics had been given 
alloxan 3 days previously, and the third 
diabetic had been given alloxan 11 days 
previously. Thus two of the rabbits were 
in the acute toxic phase of alloxan diabetes 
as described by Duffy,’ and the third rabbit 
was later considered to have been in the 
chronic phase of alloxan diabetes with its 
metabolism stabilized at a new level. 


Fig. 7 (Rabbit No. 6).—A giant cell containing 
spores of R. arrhizus from the lungs of a nondia- 
betic control rabbit. The light brown spores, with 
irregular contours, are centrally located and ap- 
pear unstained in the photograph among heavily 
stained nuclei. « 1712. 
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A normal control rabbit was inoculated 
with each diabetic rabbit. 

The two acutely diabetic rabbits died at 
24 and 36 hours after inoculation with spores 
(Table 1). The chronically diabetic animal 


was killed nine days after inoculation 
(Table 2). 
Grossly both acutely diabetic rabbits 


showed dark-red and white mottling of the 
lungs with some areas of consolidation. The 
other organs were not remarkable. 
Microscopic study showed the presence 
of tracheitis, bronchitis, bronchiolitis, and 
peribronchial pneumonia. Hyphae were very 
numerous in regions of acute inflammatory 
exudate and were found invading both the 


Taste 2.—Chronic Phase of Alloxan Diabetes with 
Infection of Rabbits by Intratracheal Injections 
of Rhizopus Arrhizus 


Duration Interval to 
of Diabetes Size of Dose, Death 

Rabbit Prior to in Millions Following 

No. Inoculation of Spores Inoculation * 

1 15 days 13.5 2 days 
2 19 days 13.5 3 days 
3 13 days 13.5 4 days 
4 19 days 13.5 5 days 
5 Control 13.5 2 days 
6 Control 13.5 3 days 
7 Control 13.5 4 days 
8 Control 13.5 5 days 
9 ll days 5 9 days 
10 Control 5 9 days 


* All rabbits were killed with chloroform. 


walls and the lumens of arteries, veins, and 
lymphatics, causing thrombus formation. 
Brown spores were very difficult to find. 
Fibrinous exudate containing many hyphae 
was present on the pleural surface in one 
animal. The lungs were congested in both 
instances. Both animals demonstrated a mod- 
erate degree of renal tubular degeneration. 
Both of the normal control rabbits showed 
very few gross lesions. Only a few small 
whitish nodules were seen in the lungs with 
emphysematous blebs on the surface. 
Microscopically both animals showed some 
degree of acute inflammatory reaction in the 
lungs. The control killed after 24 hours 
showed the most acute picture of bronchio- 
litis and peribronchial pneumonia with many 
polymorphonuclear cells and a moderate 
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number of macrophages. The control killed 
at about 48 hours demonstrated a more 
highly organized cellular reaction with many 
giant cells, macrophages, and a smaller num- 
ber of polymorphonuclear cells and lympho- 
cytes. Hyphae were not seen in either animal, 
but a moderate number of brown spores 
were seen within macrophages and giant 
cells. 

The chronically diabetic rabbit, which was 
killed after nine days, showed only a few 
emphysematous blebs grossly. Microscopi- 
cally the lungs showed peribronchial areas 
of consolidation with macrophages, giant 
cells, and polymorphonuclear cells. No 
hyphae were seen, and only an occasional 
brown spore. The normal control rabbit 
killed at the same time showed an identical 
picture. 


Ruizopus INFECTION IN CHRONIC ALLOXAN 
DIABETES 

Four diabetic rabbits were inoculated in- 
tratracheally with 0.30 cc. of a 20% suspen- 
sion of R. arrhizus spores containing about 
45,000 spores per cubic millimeter. The 
total dose was thus about 13,500,000 spores. 
At the time of inoculation all four rabbits 
had been diabetic for at least 13 days or 
longer and were thus considered to be in the 
chronic phase of alloxan diabetes. A normal 
control rabbit was inoculated with each dia- 
betic, and the animals were killed in pairs 
on the second, third, fourth, and fifth days 
following inoculation. 


Grossly the pulmonary lesions in the 
diabetic rabbits were more extensive than 
those in the normal control rabbits. All lungs 
showed some degree of consolidation with 
dark-red and white mottling of the surface. 
This was more conspicuous in the animals 
killed earliest. 

Microscopic study revealed areas of peri- 
bronchial pneumonia, at times becoming con- 
fluent. The pneumonia was more extensive 
in the first animals killed and less notable in 
the animals killed after four days. The cellu- 
lar exudate was almost entirely polymorpho- 
nuclear up to two days. On the third day 
macrophages were numerous and giant cells 
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made their appearance. Animals killed on 
the fourth and fifth days showed peribron- 
chial pneumonia characterized by giant cells, 
macrophages, polymorphonuclear cells, and 
lymphocytes. The inflammatory areas were 
small and discrete. Spores were seen in all 
animals and were often present within giant 
cells and macrophages. Hyphae were not 
seen in any of the animals, except in abortive 
rounded forms. There was none of the 
exuberant hyphal growth observed in rab- 
bits with acute toxic alloxan diabetes, no 
ulceration of bronchial epithelium, and no 
thrombosis of blood vessels. 

Cultures for R. arrhizus were positive in 
three of the diabetic rabbits and in two of the 
normal control animals. 


COMMENT 


The acute toxic phase of alloxan diabetes 
modified in a striking fashion the experimen- 
tal pneumonia produced by infecting rabbits 
intratracheally with Rhizopus spores. 

Moreover, the cerebral mucormycosis pro- 
duced experimentally in alloxan-diabetic rab- 
bits by Bauer, Flanagan, and Sheldon * was 
induced during the acute toxic phase of the 
diabetes, for these authors state that “appre- 
ciable hyperglycemia appeared within 48 to 
72 hours after injection of alloxan at which 
time the animals were infected by intranasal 
installation of 1.5 cc. of a suspension of fun- 
gus spores in saline.” 

Whereas in the normal rabbit the instilla- 
tion of Rhizopus spores into the bronchial 
tree produced only a mild pneumonia, the 
similar procedure in the rabbit with acute 
toxic alloxan diabetes was followed by an 
extensive necrotizing bronchitis, vascular 
thrombosis, and pneumonia. 

The mycosis in acute toxic alloxan dia- 
betes was characterized by three features: 
(1) death of the rabbits, (2) extensive pro- 
liferation and spread of the fungus, and (3) 
vigorous acute inflammation. 

The death of the rabbits appeared to be 
due primarily to the mycosis rather than to 
the acute alloxan-diabetic state, since the rab- 
bits with the largest dose of spores died first. 


DIABETES 


The acute alloxan diabetes may have been 
a contributing factor. 


Augmented Growth of Rhizopus in Acute 
Toxic Alloxan Diabetes——The contrast in 
the growth of the fungus in the two environ- 
ments was great. In the normal rabbit the 
brown spores of the inoculum remained 
unchanged except for an occasional abortive 
hyphal form. In the rabbit with acute toxic 
diabetes, on the other hand, the brown spores 
of the inoculum rapidly developed into the 
hyphal (filamentous) forms of the fungus 
and grew avidly through the tissues, as they 
do in human cases of mucormycosis. In other 
words, the pleomorphism of the fungus 
exhibited itself in the acutely diabetic rabbit 
but scarcely at all in the normal rabbit. In 
the rabbit with acute alloxan diabetes few of 
the brown spores of the inoculum remained. 
Nearly all had become hyphae, which had 
grown so that they penetrated the walls of 
the bronchi and invaded lymphatics and 
blood vessels. The brown spores, in the nor- 
mal rabbit, remained confined to the natural 
air passages of the respiratory tract. 

The first problem, then, is why the or- 
ganisms acted so differently under these two 
environmental conditions. 

The organism grows so readily in its 
hyphal form on blood agar at body tempera- 
ture that this hyphal growth would appear 
to be the natural activity of the organism, 
and this would imply that the normal animal 
possessed attributes which inhibited the usual 
transformation and growth. 

Spores were observed in giant cells in the 
control animals, but not in the toxic diabetic 
animals. By this normal mechanism many of 
the spores were phagocytized early in the 
normal rabbit and did not have an oppor- 
tunity to metamorphose. Phagocytosis alone, 
however, did not account for failure of meta- 
morphosis of the fungus because there were 
many brown spores free in the inflammatory 
exudate of the normal rabbit. 

The rabbit in acute toxic alloxan diabetes 
has a depressed body temperature. Cruick- 
shank * found it to be below 95 F. To test 
the possibility that this temperature might 
promote hyphal growth in contrast to normal 
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body temperature, we carried out simple in 
vitro cultural studies of the fungus at vary- 
ing temperatures. Abundant hyphal growth 
occurred promptly (in 24 hours) in cultures 
of R. arrhizus on Sabouraud’s media and 
blood-agar media at incubator temperature, 
98.6 F (37 C) and 95 F (35 C), and at room 
temperature, 70-86 F (26-30 C). Sporangial 
production, as indicated by darkening of the 
cultures, developed earlier at the lower tem- 
peratures. The in vitro results support the 
idea that hyphal growth is inhibited in the 
normal rabbit by some factor other than tem- 
perature. 

Other factors which might account for the 
pronounced hyphal growth of the fungus in 
the acutely toxic diabetic rabbit are hyper- 
glycemia, acidosis, and shock. 

Hyperglycemia can be dismissed as a fac- 
tor, since there was no increased tendency 
toward hyphal growth in the chronic diabetic 
rabbits with hyperglycemia. 

Acidosis and shock, with circulatory col- 
lapse, may play important roles. The tissues 
may be partially devitalized in this state, and 
the growth of the fungus may thereby be 
favored, as it appears to be on decaying fruit, 
for example. 

Inflammatory Response in Acute Alloxan 
Diabetes.—In addition to the transformation 
of the brown spores into hyphae in the toxic 
diabetic rabbit there was an unopposed 
advance of the hyphae through tissues. This 
invasion did not appear to be due to failure 
of the inflammatory response, for this 
response was greater in the lesions of the 
acutely toxic diabetic rabbit than in those of 
the normal rabbit. Congestion of vessels, mar- 
gination and migration of polymorphonuclear 
cells, and amounts of polymorphonuclear, 
fibrinous, and serous exudates were greater 
in the acutely toxic diabetic than in the non- 
diabetic rabbit. A portion of this increased 
inflammatory response may have been due to 
the presence of more inflammatory irritant, 
since the fungus had proliferated. Cruick- 
shank * found marked failure of the inflam- 
matory response in the skin of rabbits with 
acute alloxan diabetes when staphylococci 
were injected intradermally. This failure of 
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inflammation was attributed to the periph- 
eral circulatory failure of the acutely toxic 
alloxan-diabetic state. A possible explana- 
tion for the difference in results which we 
obtained may be the internal location of the 
lung as contrasted with the peripheral loca- 
tion of the skin. 

Dubos * showed that ketone bodies af- 
forded bacterial micro-organisms some pro- 
tection against the bactericidal effects of lac- 
tic and acetic acids. This might apply to 
fungi as well. 

In addition, Martin, McKinney, Green, 
and Becker *® demonstrated that leucocytes 
from diabetic patients produced less lactic 
acid from glucose than leucocytes of healthy 
persons. Dubos ° found that lactic acid in the 
presence of anaerobic conditions accelerated 
the death rate of tubercle bacilli. If these 
findings may be applied to fungus spores, the 
inability of leucocytes in diabetes to produce 
sufficient quantities of lactic acid under the 
anaerobic conditions of inflammation may 
decrease the fungicidal power of the body 
and thus increase susceptibility to mycotic 
infection. 

It is obvious that the altered metabolic 
factors and factors of resistance can not be 
readily assessed without more experimental 
studies with growth factors of the organism 
and additional metabolic studies in the 
acutely diabetic alloxanized rabbit as com- 
pared with the normal rabbit. 

Lack of Fulminating Rhizopus Pneumonia 
in Chronic Alloxan Diabetes.—In_ the 
chronic diabetic rabbit there was absence of 
abundant hyphal growth of the fungus, no 
involvement of blood vessels, and less necro- 
sis and inflammation than in the acutely toxic 
diabetic rabbit. 

No difference was found between the sus- 
ceptibility of normal rabbits and rabbits in 
the chronic phase of alloxan diabetes to 
infection with R. arrhizus, except that the 
gross pulmonary lesions were slightly larger 
in the diabetic rabbits. Cruickshank,* who 


injected virulent and avirulent pneumococci, 
virulent staphylococci, and bovine tubercle 
bacilli into rabbits with chronic alloxan dia- 
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betes, found no increased susceptibility of 
these animals to these bacterial infections. 

Rabbits in the chronic phase of alloxan 
diabetes do not ordinarily exhibit ketosis, 
according to Duffy,’ unless a special diet is 
given, but rabbits in the acute toxic phase 
exhibit not only ketosis but gross lipemia 
as well. 

In assessing the difference between the 
acutely toxic alloxan-diabetic rabbit and the 
normal rabbit, we must rigidly exclude data 
from the literature based on differences 
between the chronic diabetic and the nondia- 
betic state, because we have not shown 
significant differences in the activity of 
Rhizopus in these two states. Therefore, the 
nature of the lowered resistance to infection 
in diabetes mellitus, particularly to pyogenic 
and tuberculous infections, which has had 
much attention in the literature,* does not 
apply closely to our experimental results. 

If any comparisons can be made, however, 
the chronic phase of diabetes in rabbits cor- 
responds to a mild human diabetes without 
ketosis, whereas the acute toxic phase of 
alloxan diabetes resembles severely uncon- 
trolled human diabetes with ketosis. 

The findings in these experiments would 
then correspond with the clinical observa- 
tions that pulmonary mucormycosis devel- 
ops in the uncontrolled and ketotic diabetic 
patient. 


SUMMARY 

Intratracheal inoculation of suspensions of 
spores of Rhizopus arrhizus into rabbits in 
the acute toxic phase of alloxan diabetes re- 
sulted in great proliferation of the hyphal 
form of the fungus in the bronchi and lungs. 
Ulcerative bronchitis and extensive pneu- 
monia with vascular invasion and thrombosis 
resulted in death of the rabbits in one to 
three days, depending on the size of the in- 
fecting dose of spores. Nondiabetic control 
rabbits, killed at times corresponding to the 
deaths of the diabetic rabbits, showed the 
injected spores in the lung, with mild acute 
pneumonia and giant-cell response without 
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hyphal proliferation of the organism and 
without vascular thrombosis. 

Similar intratracheal inoculations into rab- 
bits in the chronic phase of alloxan diabetes 
(after 11 days of diabetes) resulted in essen- 
tially no hyphal proliferation and a mild 
pneumonic and giant-cell reaction to the 
presence of the spores, which was in- 
distinguishable from that in the nondiabetic 
controls. 


The hyphal proliferation and bronchopul- 
monary lesions of the acute toxic phase of 
alloxan diabetes in rabbits resemble closely 
the fulminating pulmonary lesions of human 
mucormycosis (presumably due to Rhizo- 
pus) which develop in unregulated and ketot- 
ic patients with diabetes mellitus. A differ- 
ence between the acute toxic and chronic 
alloxan diabetes of rabbits is ketosis and 
lipemia in the former and the absence of 
these conditions in the latter. 

The increased susceptibility to Rhizopus 
infection in the acute phase of alloxan dia- 
betes does not appear to be due to hypergly- 
cemia, failure of inflammatory response to 
the infection, or lowered body temperature. 
Loss of phagocytic ability of macrophages 
and giant cells, ketosis, devitalization of tis- 
sues, and changes in leucocyte metabolism 
are suggested as possible causes. 
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News and Comment 


ANNOUNCEMENTS 


Examination Fee of American Board of Pathology.—At the last meeting of the Board 
of Trustees of the American Board of Pathology the fee for the initial examination was estab- 
lished at $100, with a fee of $50 for each subsequent examination. 


Conference of International Society of Geographic Pathology.—The International 


Society of Geographic Pathology will hold its sixth conference in Paris, either in July or 
September, 1957. The subject for discussion will be “The Geographic Pathology of Peptic Ulcer.” 
It is planned to make a survey of peptic ulcer in as many countries as possible. Anyone who 
wishes to participate in the study should notify Dr. William B. Wartman, Secretary, American 
Section, Northwestern University Medical School, 303 E. Chicago Ave., Chicago 11, by July 1, 
1956. 

PERSONAL 


Appointment.—Lieut. Col. Frank M. Townsend, the Air Force Deputy Director of the 
Armed Forces Institute of Pathology, has been promoted to Colonel. Col. Townsend is also 
serving as consultant to the Air Force Surgeon General in aeromedical and pathology research. 


SOCIETY NEWS 


American Goiter Association.—The American Goiter Association will meet in the Drake 
Hotel, Chicago, May 3, 4, and 5. 


American Association of Blood Banks.—The American Association of Blood Banks will 
hold its 9th Annual Meeting on Sept. 3, 4, and 5, at the Somerset Hotel, in Boston. Information 
concerning the meeting may be obtained from Miss Marjorie Saunders, Secretary, 725 Doctors 
Building, 3707 Gaston Ave., Dallas, Texas. It should be added that the meeting originally 
scheduled for Cincinnati, in November, has been changed to the above. 
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Evidence for Its Origin from Smooth Muscle 


EARNEST BOOTH, M.D. 

E. E. MUIRHEAD, M.D. 

and 

P. O’B. MONTGOMERY, M.D., Dallas, Texas 


Renal cortical necrosis is recognized as a 
major feature of the generalized Shwartzman 
reaction.* Microscopically renal cortical ne- 
crosis is associated with the appearance of 
masses of a homogeneous eosinophilic ma- 
terial within small arteries, arterioles, and 
glomerular capillaries. This eosinophilic ma- 
terial has been designated as “fibrinoid.” Ne- 
crosis involving all structures of the cortex 
has been related to the appearance of the 
“fibrinoid” material.® 

Brunson, Thomas, and Gamble * demon- 
strated lesions of the coronary arteries and 
the accumulation of “fibrinoid” material not 
only in the arterial wall but also in the con- 
nective tissue of the aortic and mitral valves 
as features of the Shwartzman reaction. The 
lesions, as well as renal cortical necrosis, 
were produced by means of two appropriately 
spaced intravenous injections of meningococ- 
cal toxin. The effects of meningococcal toxin 
were potentiated by the administration of 
certain high-molecular-weight acidic poly- 
mers, such as sodium polyanetholsulfonate.* 


Submitted for publication Sept. 30, 1955. 

From the Department of Pathology, Southwest- 
ern Medical School of the University of Texas, 
Dallas, Texas. 

Supported by grants from the National Heart 
Institute and the National Institute of Arthritis 
and Metabolic Diseases, U. S. Public Health Serv- 
ice. 

* References 1 through 5. 


In general, the “fibrinoid” alteration has 
been emphasized within two distinct sites 
in the body, namely, within small muscular 
arteries and arterioles and within certain 
connective tissues.’ Thus, “fibrinoid” has 
been described as a component of the lesions 
of rheumatic fever,’ rheumatoid arthritis,’ 
periarteritis nodosa,’® disseminated lupus 
erythematosus," thrombotic thrombocyto- 
penia,’* “malignant” hypertension of man,”* 
and experimental states resembling “raalig- 
nant” hypertension. 

In this communication we wish to describe 
a histochemical characterization of the vas- 


Fig. 1—Typical example of renal cortical necro- 
sis as obtained in this study. 
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Fig. 2—A, a glomerulus and an attached arteriole, both containing the “fibrinoid” material. 
The arteriole is apparently afferent as indicated by the major branching. The wall and lumen 
of the arteriole have been replaced by the “fibrinoid” substance. The latter material is in con- 
tinuity with similar material within a segment of the glomerulus. Phosphotungstic acid hema- 
toxylin stain; reduced about 2/5 from mag. x 260. 


B, this example demonstrates the “fibrinoid” material within an interlobular artery, afferent 
arteriole, glomerulus, and efferent arteriole. The “fibrinoid” material in all of these sites is in 
direct continuity. The configuration of this material in the glomerulus is in keeping with its 
presence within the lumen of the glomerular capillaries. The relation of the “fibrinoid” to the 
arteriole suggests an embolic origin. Masson trichrome stain; reduced about 2/5 from mag. 
x 325. 


fae 


Fig. 3.—A, in this example the “fibrinoid” material is not only within the arteriole and its 
attached glomerulus but also within the nearby convoluted tubule. In the latter position it forms 
a cast. Within the Bowman's space of this glomerulus there is one glob of “fibrinoid” material. 


Phosphotungstic acid hematoxylin stain; reduced about 2/5 from mag. x 260. 


B, in this figure the “fibrinoid” material is adjacent to convoluted tubules. The distribution 
and appearance of the material in this location is considered in keeping with its presence within 
the peritubular capillaries. Phosphotungstic acid hematoxylin stain; reduced about 2/5 from 
mag. X 260. 
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cular “fibrinoid” material encountered in 
small arteries, arterioles, and glomeruli of 
kidneys displaying renal cortical necrosis 
due to the generalized Shwartzman reaction. 
This characterization, other features of the 
“fibrinoid” material, and its relation to a 
similar substance observed in vascular le- 
sions with different causal backgrounds will 
be utilized in an attempt to identify more 
precisely the source of vascular “fibrinoid.” 


METHODS 
Albino hybrid rabbits, each weighing 0.8 kg., 
were used. Escherichia coli endotoxin,} obtained as 


+Dr. A. I. Braude supplied us with the toxin 
prepared in his laboratory. 


Fig. 4.—A, this inter- 
lobular artery displays 
several features. To the 
left, the smooth muscle of 
the media is intact. This 
muscle is in direct con- 
tinuity with the “fibrin- 
oid” in adjacent seg- 
ments of the media. The 
media in the lower seg- 
ment demonstrates indi- 
vidual “blocks” or “units” 
of “fibrinoid,” a feature 
in keeping with the trans- 
formation of individual 
smooth muscle fibers into 
the “fibrinoid” substance. 
The lumen is partly ob- 
structed by the “fibrinoid” 
substance. Toward the 
right, the media is com- 
posed mainly of small 
remnants of “fibrinoid,” 
thin strands, and red 
blood cells. Mallory stain ; 
reduced about 2/5 from 
mag. x 260. 

B, the “fibrinoid” ma- 
terial, which is PAS- 
positive, has replaced the 
exact area of the media 
of a small artery. Intact 
red blood cells can be 
seen within the “fibrin- 
oid” material. The mate- 


rial in the media is in 
direct continuity with a 
similar polypoid mass pro- 


truding into the lumen. 
In the peritubular areas 
there are red blood cells 
and small globs of “fibrin- 
oid,” a combination which 
adds support to the pres- 
ence of the “fibrinoid” 
within peritubular capil- 
laries. Periodic acid- 
Schiff reagent procedure ; 
reduced about 2/5 from 
mag. X 325. 
described by Braude, Carey, Sutherland, and Za- 
lesky,'5 was used to produce the generalized 
Shwartzman reaction. The dry crystalline endo- 
toxin was suspended in isotonic saline solution. The 
initial or “sensitizing” dose consisted of 0.05 mg. 
of E. coli endotoxin in 2 ml. of saline injected 
intravenously into the marginal ear vein. Twenty- 
four hours later 0.05 mg. of E. coli endotoxin in 
2 mi. of saline was given intravenously as the 
“challenging” dose. Twenty-four hours after the 
second dose the animals were killed by air embo- 
lism. Of the 38 animals so treated, 11 exhibited 
bilateral renal cortical necrosis. 

The tissues from the animals were fixed in neu- 
tral formalin. Frozen sections, prepared in the 
usual way and about 6mm in thickness, were used 
for all of the histochemical procedures. Conven- 
tional paraffin blocks were used for the stains. The 
histochemical procedures used have been described 
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either in the monograph by Pearse '* or in specific 
references given. 
RESULTS 

This study deals with the typical renal 
cortical necrosis as produced by the Shwartz- 
man reaction (Fig. 1). The “fibrinoid” ma- 
terial considered in this discussion is that 
depicted in the arteries, arterioles, and glo- 
meruli as demonstrated in Figures 24, 2B, 
and 4A. The accompanying Table sum- 
marizes the results of the tinctorial and 
histochemical properties of this type of 
“fibrinoid” substance. 


Results of Histochemical Procedures and Stains 
Used on the “Fibrinoid” Material Within 
Arteries, Arterioles, and Glomeruli in 
Renal Cortical Necrosis Due to the 
Shwartzman Reaction 


Positive Procedures Negative Procedures 
1 Of] red O 1 Vitamin C 
2 Nile blue sulfate 2 Nonspecific esterases 
3 Sudan black B 8 Glycogen 
4 Schultz reaction 4 Iron 
5 Periodic acid-Schiff 5 Millon reaction 
6 Protein-bound SH 6 Peroxidase reaction 
7 Potassium 7 Connective-tissue stains 
8 Free carbonyl 
9 Congo red 
10 Mallory stain: intensely red 
11 Masson trichrome stain: intensely red 
12 Van Gieson stain: yellow 
138 Phosphotungstie acid hematoxylin: purple 
14 Toluidine blue: blue 
15 Fibrin stain: intensely blue 
16 


Hematoxylin and eosin: eosinophilic 


With use of the hematoxylin and eosin, 
Masson trichrome, and Mallory aniline-blue 
stains the “fibrinoid” material is intensely 
eosinophilic and intensely red. At the same 
time it has a finely granular or lumpy gran- 
ular appearance. In some instances the ma- 
terial is finely vacuolated, whereas in others 
it appears smooth and almost hyaline. 

Within the arteriole or artery the “fibrin- 
oid” material is found mainly within the area 
of the media (Figs. 2B, 4A, and 4B). In 
many arterioles so involved no normal rem- 
nant of the smooth muscle of the media can 
be identified. 

An occasional small artery or arteriole 
reveals a portion of the media to be intact 
and constituted of normal-appearing, smooth 
muscle fibers, whereas within the remainder 
of the same media and in direct continuity 
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with the normal muscle there is present the 
“fibrinoid” material (Fig. 44). Under these 
conditions the “fibrinoid” material may 
spread toward the lumen or the adventitia 
or it may remain within the confines of the 
normal media. Rarely, but perhaps signifi- 
cantly, the “fibrinoid” substance in the area 
of the media appears to be composed of in- 
dividual blocks or units adjacent to one 
another instead of being fused, much in the 
manner of separately altered smooth muscle 
fibers (Fig. 4A). 

In certain arterioles and arteries the “fi- 
brinoid” material is not only within the area 
of the media but also in the lumen of the 
vessel. In some vessels layers of the “fibrin- 
oid” next to the lumen appear to be peeling 
off and falling into the lumen. A modification 
of this display is that of the “fibrinoid” ma- 
terial protruding into the lumen as a poly- 
poid structure attached to the altered arterial 
wall (Fig. 4B). An occasional arteriole dis- 
plays complete collapse, the lumen as well 
as the media being replaced by the “fibrinoid” 
material. Another configuration is displayed 
in arteries containing the “fibrinoid” in the 
lumen, whereas the adjacent media is ex- 
tremely rarefied, being composed of remnants 
of “fibrinoid,” delicate strands, and red blood 
cells (Fig. 44). The media in such areas 
may have a “moth-eaten” appearance. 

The glomerular capillaries are frequently 
prominently congested with red blood cells. 
Many glomeruli contain segments where the 
“fibrinoid” material appears to be within 
the lumen of the glomerular capillaries. The 
glomerular “fibrinoid” assumes various 
shapes, such as elongated curved masses, oval 
or globular masses (Figs. 2A, 2B, and 3A). 
Certain of the oval or globular masses appear 
to possess a minute central lumen, and in 
these the capillary wall seems thickened by 
“fibrinoid” deposit. One or two glomerular 
lobules alone or the entire glomerulus may 
be affected with “fibrinoid” (Figs. 2A 
and 2B). 

“Fibrinoid” was encountered in two addi- 
tional locations, within the tubules and ad- 
jacent to convoluted tubes. Within the tubules 
the material formed casts (Fig. 34). The 


casts were most prominent within the con- 
voluted tubules, although they were also ob- 
served in straight tubules of the medulla. 
The origin of the tubular “fibrinoid” from 
Bowman’s space was indicated by the en- 
counter of direct continuity of the material 
in sections showing the tubule attached to 
Bowman’s capsule. It was possible to observe 
“fibrinoid” within the lumen of an arteriole 
in direct continuity with the same substance 
in the attached glomerular capillaries, cap- 
sular space, and attached proximal con- 
voluted tubule. 

Outside the tubules the “fibrinoid” sub- 
stance appeared to be adjacent to the tubular 
basement membranes. Here the substance 
assumed a configuration resembling that of 
the peritubular capillaries (Fig. 3B). 

Staining Properties of Vascular “Fibrin- 
oid.”—The positive stains and color reactions 
of the “fibrinoid” material were the same as 
those repeatedly stressed in the literature.’ 
With eosin it was intensely eosinophilic ; with 
the Mallory stain, intensely red; with Mas- 
son’s trichrome stain, intensely red; with 
the Van Gieson stain, yellow; with phospho- 
tungstic acid hematoxylin stain, purple ; with 
the fibrin stain, intensely blue; with Ver- 
hoeff’s elastic stain, light brown with varying 
mixtures of black, and with toluidine blue 
the staining reaction was blue. All stains 
for connective tissue were negative. 

Histochemical Properties of Vascular 
“Fibrinoid.”—The procedures yielding posi- 
tive results with this “fibrinoid” material 
were as follows: oil red O, Nile blue sulfate, 
Sudan black B, the Schultz reaction, the 
periodic acid-Schiff (PAS) reaction, the 
protein-bound sulfhydryl procedure, the free 
potassium procedure,"* the reaction for free 
carbonyl groups,’® and the Congo red pro- 
cedure. The procedures yielding negative re- 
sults were the vitamin-C procedure, tests 
for nonspecific esterase, the glycogen pro- 
cedure, the iron test, the Millon reaction, and 
the benzidine reaction for peroxidase. 

These tests suggest that vascular “fibrin- 
oid” material contains neutral fats, fatty 
acids, cholesterol and its esters, phospho- 
lipids, aldehyde groups of polysaccharide 
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origin, free potassium, free carbonyl groups, 
protein-bound sulfhydryl groups, and sul- 
furic acid esters of mucopolysaccharide 
origin. 

Previously we have observed that all histo- 
chemical procedures and stains yielding posi- 
tive results with vascular “fibrinoid” also 
yield some degree of positive results with 
normal smooth muscle of the media of arteries 
and arterioles.2° The “fibrinoid” material, 
however, yields a more intensely positive re- 
sult than normal smooth muscle. The histo- 
chemical tests are not quantitative, and the 
apparent increment in materials attendant 
on the “fibrinoid” change may be due to an 
unmasking associated with the lesions. 


COMMENT 


The “fibrinoid” material in the kidney due 
to the Shwartzman reaction not only displays 
the well-known tinctorial properties of such 
substances { but, in accordance with the 
histochemical observations herein recorded, 
it appears to contain a multiplicity of in- 
gredients. The ingredients within the “fibrin- 
oid” suggested by this study include neutral 
fats, fatty acids, cholesterol and its esters, 
phospholipids, aldehyde groups of polysac- 
charide origin, free potassium, free carbonyl 
groups, protein-bound sulfhydryl groups, and 
sulfuric acid esters of mucopolysaccharide 
origin. 

The tinctorial and histochemical charac- 
teristics of the “fibrinoid” are similar in all 
locations encountered within the kidney. The 
outstanding sites of deposition of “fibrinoid” 
are the interlobular arteries, the arterioles, 
the glomeruli, Bowman’s space, within 
tubules, and in peritubular zones. 

The staining and histochemical properties 
of the “fibrinoid” within these various sites 
are identical with those of necrotic arterioles 
of “malignant” hypertension of man and 
various hypertensive cardiovascular states 
produced in experimental animals.§ For 
reasons previously discussed,|] we are of the 
opinion that the “fibrinoid” material in the 


t References 5 and 7. 
§ References 20 and 21. 
|| References 21 through 27. 
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latter circumstances is derived from altered 
smooth muscle of the vascular media. As a 
consequence of the present and previous 
studies dealing with blood vessels, several 
points may be presented in support of the 
thesis that vascular “fibrinoid”’ of the kidney 
due to the Shwartzman reaction has a major 
derivation from the smooth muscle of the 
media of small arteries and arterioles. These 
are tabulated as follows: 

1. The staining reactions of this “fibrinoid” ma- 


terial are similar to those of normal vascular smooth 
muscle, although more intense. 

2. The histochemical characteristics of this 
“fibrinoid” material are similar to those of normal 
vascular smooth muscle, although again more in- 
tense. 

3. The staining reactions and histochemical prop- 
erties of this “fibrinoid” material are identical with 
those of similar material in necrotic arterioles 
encountered in malignant hypertension of man and 
similar experimental states. In the latter states in- 
volvement of the smooth muscle of the media has 
been indicated by transitional stages. 

4. The “fibrinoid” material replaces the exact 
area of the media where the smooth muscle nor- 
mally occurs. 

5. The replacement of the media by the “fibrin- 
oid” material occurs in less than 24 hours, a tem- 
poral relationship which is rather rapid for the 
exact displacement by an infiltrate. 

6. Direct continuity of the “fibrinoid” material 
and normal smooth muscle of the media can be 
demonstrated. 

7. A block-like arrangement of the “fibrinoid,” 
encountered in some blood vessels, suggests the 
involvement of individual smooth muscle fibers. 

8. The polypoid protrusion of the “fibrinoid” 
material into the lumen and the apparent migration 
of “fibrinoid” into the lumen are in keeping with a 
spread into the blood stream. 


Other sites of deposition of “fibrinoid” in 
the kidney have a conduit-like access to the 
vascular “fibrinoid.”” Spread of the “fibrin- 
oid” from the arteries and arterioles into the 
glomeruli, and from the glomerular capil- 
laries into the tubules, is indicated by the 
present morphologic observations. It is rea- 
sonable to expect passage through glomerular 
capillaries with subsequent lodgement within 
the peritubular capillaries. 

The impaction of the “fibrinoid” in the 
glomerular capillaries seems to contribute 
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to the ischemia leading to the cortical necro- 
sis. That this is not the sole source for the 
ischemia is suggested by areas of necrosis 
within which the glomerular capillaries do 
not contain “fibrinoid.” In these areas the 
glomerular and peritubular capillaries were 
intensely congested with erythrocytes. This 
congestion has been observed in other forms 
of renal cortical necrosis and has been en- 
tertained as an etiologic factor.{ 

The proposal that alterations of smooth 
muscle contribute to the composition of vas- 
cular “fibrinoid”’ in the Shwartzman reaction, 
as well as other states, represents a departure 
from the hypothesis concerning fibrinoid 
proposed by Brunson, Thomas, and Gamble * 
and Brunson, Davis, and Thomas.* These 
workers have contributed greatly to the ap- 
praisal of this phenomenon by studies dealing 
with its pathogenesis,# aggravating factors,* 
and possible preventive measures.** They 
suggest that some change in the circulating 
blood leads to the vascular occlusion. Ex- 
perimental observations concerning fibrino- 
gen were presented in support of the view 
that fibrinoid is derived from the circulating 
blood and that fibrinogen may play an im- 
portant role in its formation. 


Although the proposal herein presented 
and the concept put forth by Thomas and co- 


workers have fundamental discrepancies, 
there are areas of possible overlap between 
these two points of view. Thus, it is likely 
that fibrin and platelets become enmeshed 
with material interpreted as extruded from 
the vessel wall. This likelihood has been 
entertained in another entity associated with 
vascular “fibrinoid,” namely, “thrombotic 
thrombocytopenia” (Moschcowitz’s disease).¢ 
Moreover, the “fibrinoid,” although con- 
sidered herein to be derived mainly in situ, 
is thought to enter the blood stream and 
redeposit by the hematogenous route. Such 
a development would tend to alter the com- 
position of the circulating blood. 


{| References 28 and 29. 

# References 5, 6, and 30 through 32. 
* References 6 and 33. 

+ References 12, 34, and 35. 


CONCLUSIONS 


The “fibrinoid” material encountered in 
the kidneys of rabbits displaying renal cor- 
tical necrosis due to the Shwartzman reaction 
yields a positive histochemical pattern sug- 
gesting the presence of multiple ingredients, 
including neutral fats, fatty acids, cholesterol 
and its esters, phospholipids, aldehyde groups 
of polysaccharide origin, free potassium, free 
carbonyl groups, protein-bound sulfhydryl 
groups, and sulfuric acid esters of mucopoly- 
saccharide origin. 

The staining and histochemical character- 
istics of this “fibrinoid” material are similar 
to those of necrotic arterioles observed in 
malignant hypertension of man and similar 
states of experimental animals. In the latter 
conditions evidence has been derived indicat- 
ing that a similar material consists of necrotic 
smooth muscle. 

The staining and histochemical charac- 
teristics of the renal “fibrinoid” of the 
Shwartzman reaction and its location, dis- 
tribution, and similarity to other vascular 
lesions have been considered to indicate an 
origin of this substance in situ from altered 
smooth muscle of the media of small arteries 
and arterioles of the kidney. 

Embolization of peritubular as well as 
glomerular capillaries with the “fibrinoid” 
material seems to play a role in the patho- 
genesis of the ischemic necrosis of the kidney. 
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* of on 
the a of Rachitic Rats 


ZVI LARON, M.D., Pittsburgh 
BENJAMIN D. CANLAS Jr., M.D. 
and 

JOHN D. CRAWFORD, M.D., Boston 


The influence of cortisone on bone of 
growing animals has been previously re- 
ported.* The induction of osteoporosis and 
retardation of both skeletal growth and matu- 
ration in humans receiving cortisone or suf- 
fering from Cushing’s syndrome are also 
known.7 Only two articles have been found 
which describe the effect of cortisone on the 
dental tissues t; the literature apparently 
contains no information dealing with the 
influence of this hormone on calcium depo- 
sition in the dentin. 

This report is intended to present findings 
on the action of cortisone on the incisoral 
teeth of rachitic rats both in untreated animals 
and during treatment with calcium and vita- 
min D. These observations are part of a yet 
unfinished investigation of the antagonism 
between vitamin D and cortisone. 


MATERIAL AND METHODS 


Thirty male albino rats weighing 45 to 50 gm. at 
the start of the experiment were used. The animals 
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were made rachitic by feeding for 17 days a low- 
calcium, vitamin D-free diet.§ At the end of this 
time the animals were divided into subgroups. The 
control subgroup was continued on the previous diet 
unsupplemented ; other subgroups received for three 
days the diet supplemented with either vitamin D, 
100 units ; calcium, 80 mg. as calcium lactate ; corti- 
sone acetate (Merck), 2 or 5 mg. per day, or with 
two or three of these additions in various combi- 
nations. At the end of this three-day period a blood 
sample was obtained for serum calcium, inorganic 
phosphorus, and alkaline phosphatase analyses, and 
the animals were killed. 

A portion of the maxilla including the two upper 
incisors was excised and fixed in 10% formalin. This 
was later trimmed to exclude redundant soft tissues, 
and care was taken not to disturb the roots of the 
incisors. The entire piece was then decalcified in 
5% HNOs. After decalcification the specimen was 
further trimmed until a frontal plane tangential to 
the labial incisoral surfaces was reached. A frontal 
cross section of both incisors was then made passing 
approximately through the middle of the apical third 
of the teeth. Care was taken to make the sections as 
uniform as possible in all animals so as not to vary 
significantly the relative measurements by different 
angulations or tangential sections. Since specific 
methods for staining calcium are not available,"! the 
standard hematoxylin and eosin stain was used. 
Basophilic-staining ground substance was taken as 
an index of calcium deposition. The histologic 
changes recorded were observed in the basal aspect 
of the section of the dentinal wall. 


§ The composition of this diet was as follows: 
NasHPO,, 404 gm.; NaCl, 47 gm.; MgSO..7H:O, 
100 gm.; Nal, 0.3 gm.; CuSO.5H:O, 0.4 gm.; 
ZnClz 0.09 gm.; MnSO,.4H2O, 3.2 gm.; FeCsHsO;. 
3H.0, 30 gm.; KCl, 143 gm.; NaHCOs, 182 gm.; 
cystine, 20 gm.; thiamine.HCl, 0.04 gm. ; riboflavin, 
0.12 gm.; pyridoxine, 0.04 gm.; Na.pantothenate, 
0.25 gm.; menadione, 0.50 gm.; nicotinic acid, 0.50 
gm.; inositol, 10 gm.; p-aminobenzoic acid, 20 gm. ; 
casein, 625 gm.; dextrose, 1900 gm.; corn oil, 125 
gm.; tocopherol, 0.3 gm.; vitamin A, 50,000 I. U.; 
choline dihydrogen citrate, 20 gm. 
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Action of cortisone on the teeth of rachitic rats. A, normal incisor. B, rickets showing wide 
predentin. C, 5 mg. of cortisone given to the rachitic rat with no appreciable effect. D, vitamin D 
given alone; note decrease in the width of the predentin and increase in the globular dentin. 
Calcium given alone produced a similar effect. E, vitamin D and calcium given together produced 
a secondary dark band of coalescent calcoglobules. F, cortisone added to vitamin D and calcium 
induced a decrease in calcoglobules as compared wih E. x 125. 


RESULTS 

No significant changes in serum inorganic 
phosphorus concentration values were noted 
as a result of calcium, vitamin D, cortisone, 
or any combination of these therapies. The 
over-all mean value of all groups taken to- 
gether was 13.6 mg. per 100 cc. Serum 
alkaline phosphatase values tended to be 
178 


lower whenever cortisone was given. The 
average of all determinations obtained in non- 
cortisone-treated rats was 84 Bodansky units 
per 100 cc.; in animals receiving cortisone, 
the mean was 73 Bodansky units per 100 cc. 
The difference between these values falls 
just short of significance at the 5th percentile 
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CORTISONE—TEETH OF RACHITIC RATS 


probability level. Serum calcium concentra- 
tion values were significantly influenced by 
treatment. The mean values are set forth in 
the Table. Though numbers of determina- 
tions on individual regimens are too small 
to permit statistical intergroup comparisons, 
the trend toward higher values as a result 
of cortisone alone or in combination with 
calcium or vitamin D is quite evident. 

The accompanying Figure, A, shows the 
appearance of the incisor of a normal rat 
of comparable age with those of the study 
groups. By comparison with the normal, the 
rats rendered rachitic by the low-calcium, 
vitamin D-free diet showed marked widening 
of the predentin (Figure, B). The globular 
dentin-predentin junction was irregular, and 
occasional isolated calcoglobules were pres- 
ent in the adjacent predentin. The giving 


Mean Serum Calcium Concentration Values 


Values in Milligrams per 100 Ce. 


Vitamin D 

and 
Controls Vitamin D Calcium Calcium 
No cortisone 4.6 48 


Cortisone 48 6.0 
added * 


* Values at the 2 
distinguished. 


of cortisone in doses of 2 or 5 mg. did not 
modify this picture (Figure, C). 

When either vitamin D or calcium was 
given, no significant change took place in 
the uniform dentin, but the predentin was 
decreased and there was a corresponding in- 
crease in globular dentin. Calcoglobules of 
varying sizes separated by interglobular 
spaces formed the irregular junction between 
predentin and globular dentin. The calco- 
globules superficially located were smaller 
and wider apart than those located deeper 
in the globular dentin. The Figure, D, shows 
a section from an animal on the control diet 
treated with vitamin D. The nearly identical 
changes observed in animals treated instead 
with calcium are not illustrated. Cortisone 
given either with vitamin D or with calcium 
did not significantly alter the picture de- 
scribed above and illustrated by the Figure, D. 

When both calcium and vitamin D were 
added to the basic diet, a dark band of con- 
fluent calcoglobules was produced, which 


can aptly be called a “secondary” layer of 
globular dentin. This was separated from the 
primary layer by isolated calcoglobules in 
wide interglobular spaces. The predentin 
was reduced to a thin layer approximating 
that of the normal animal (Figure, E). With 
the addition of cortisone to the calcium and 
vitamin D supplementation, this secondary 
dark basophilic band was not so well-defined, 
although the calcoglobules still had a tend- 
ency to coalesce immediately next to the 
predentin (Figure, F). This cortisone effect 
was more prominent with the 5 than with 
the 2 mg. dose. In addition, in rats thus 
treated, the predentin was not so narrow as 
when only vitamin D and calcium were given. 

The density of the enamel matrix varied 
considerably in the rats and could not be 
used as a basis for study. No atrophy of the 
ameloblasts or of the odontoblasts was ob- 
served. Pyknosis of the nuclei of the odonto- 
blasts was inconsistently observed in all 
groups of animals. 


COMMENT 


Under a variety of circumstances, corti- 
sone has been shown to accelerate the urinary 
and gastrointestinal excretion of calcium.|| 
Such an increased calcium output would be 
expected to diminish the amount of calcium 
available for deposition in teeth and bone. 
Indeed, if this were the action predominating 
under the circumstances of the present study, 
it could explain the histologic changes found 
when cortisone was added to treatment with 
vitamin D and calcium. That cortisone has a 
more complex action is indicated by the ob- 
servation that serum calcium concentration 
regularly was found elevated by cortisone 
administration. This finding suggests a num- 
ber of possibilities. If cortisone had acted 
to accelerate calcium excretion or even if, 
in the present circumstances, it had caused 
no change in rate of calcium outgo, then in 
view of the elevation in serum calcium con- 
centration, it must also have acted when 
given alone to the rachitic rats to mobilize 
calcium from body stores. Further, when 
given with vitamin D and calcium, it must 


|| References 6, 7, and 12 through 14. 
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have acted to prevent calcium deposition in 
skeletal structures. While no changes which 
would indicate that cortisone mobilized cal- 
cium from the teeth were observed, it clearly 
retarded calcium deposition when conditions 
were otherwise favorable for healing. Pos- 
sibly cortisone acts to depress bone alkaline 
phosphatase activity, and this is reflected by 
the observed drop in serum alkaline phos- 
phatase concentration. Though Iber*® has 
found no rise in serum alkaline phosphatase 
of rats made rachitic by high-calcium, low- 
phosphorus diets and suggests therefore that 
serum phosphatase does not reflect bone 
phosphatase activity, marked changes in 
serum alkaline phosphatase concentration do 
occur in rats made rachitic by low-calcium, 
high-phosphate diets such as used in this 
study.*® Further investigation in this area is 
in progress. 

Disintegration and necrosis of the odonto- 
blastic layer caused by prolonged treatment 
with cortisone, as described by Glickman 
and Shklar,® were not observed in any of 
our experimental animals, and thus it appears 
that cortisone in the dosages given did not 
affect the formation of predentin. 

Ablation of evidence of action of either 
one of the two steroids, vitamin D and cor- 
tisone, when used together, was not observed 
in these studies. Therefore, independent, 
though antagonistic, actions at different loci 
rather than an intermolecular annihilative 
reaction is postulated to explain the findings 
reported. 


SUMMARY AND CONCLUSIONS 

The influence of cortisone on the serum 
calcium, inorganic phosphorus, and alkaline 
phosphatase levels and on the incisors of 
rachitic rats, untreated and treated with 
calcium and vitamin D, has been studied. 

Cortisone acts to increase serum calcium 
and to depress alkaline phosphatase concen- 
tration but retards the process of dental 
calcification in healing rickets. 

The possible mechanisms of action of corti- 
sone are discussed. 

Dr. Benjamin Castleman and Dr. Reider Sogn- 


naes gave guidance and help in carrying out this 
study and in the preparation of the manuscript. 


180 


A. M. A. ARCHIVES OF PATHOLOGY 


REFERENCES 


1. Follis, R. H., Jr.: Effect of Cortisone on 
Growing Bones of the Rat, Proc. Soc. Exper. Biol. 
& Med. 76:722, 1951. 


2. Sissons, H. A., and Hadfield, G. J.: Influence 
of Cortisene on the Structure and Growth of Bone, 
J. Anat. 89:69, 1955. 


3. Martin, E., and Majno, G.: Cortisone et tissu 
osseux, Schweiz. med. Wchnschr. 84:757, 1954. 


4. Follis, R. H., Jr.: Pathology of the Osseous 
Changes in Cushing’s Syndrome in an Infant and in 
Adults, Bull. Johns Hopkins Hosp. 88:440, 1951. 


5. Albright, F., and Reifenstein, E. C.: Para- 
thyroid Glands and Metabolic Bone Disease, Balti- 
more, Williams & Wilkins Company, 1948. 


6. Shorr, E.: Metabolic Interrelations, New 
York, Josiah Macy, Jr. Foundation, 1953. 


7. Eliel, L. P., and Heaney, R. P.: Effect of 
Variations in Amino Acid Intake and Protein 
Deficit on the Metabolic Response of Soft Tissues 
and Bone to Cortisone Acetate, J. Clin. Invest. 33: 
930, 1954. 

8. Blodgett, F. M.; Iezzoni, D.; Gribetz, D.; 
Burgin, L. B., and Talbot, N. B.: Effect of Pro- 
longed Cortisone Therapy on the Statural Growth 
and Skeletal Maturation of Children, to be pub- 
lished. 


9. Glickman, J., and Shklar, G.: Effect of Sys- 


temic Disturbances on the Pulp of Experimental 
Animals, Oral Surg. 7:550, 1954. 


10. Goldsmith, E. D., and Ross, L.: Histologic 
Study of the Effects of Cortisone on the Lower 
Incisors of Newborn Rats, J. Clin. Endocrinol. 14: 
824, 1954. 

11. Cowdry, E. V.: Laboratory Technique in 
Biology and Medicine, Ed. 3, Baltimore, Williams 
& Wilkins Company, 1952. 

12. Lichtwitz, A.; Clément, D.; Parlier, R., and 
Delaville, M.: Le Métabolisme du calcium et les 
stéroides, Semaine hép. Paris 31:554, 1955. 

13. Lichtwitz, A.; Parlier, R.; Clément, D., and 
Delaville, M.: Mécanisme de I’action des stéroides 
hormonaux sur le métabolisme calcique dans I’ostéo- 
porose, Semaine hép. Paris 31:718, 1955. 

14. Soffer, L. J.; Gabrilove, J. L., and Jailer, 
J. W.: Metabolic Studies with Adrenocorticotropin 
in Cushing’s Syndrome and in Virilism, J. Clin. 
Endocrinol. 10:594, 1950. 

15. Iber, F. L.: Serum Alkaline Phosphatase in 
the Rat, Bull. Johns Hopkins Hosp. 93:54, 1953. 

16. Crawford, J. D.; Gribetz, D., and Hurst, P. 
L.: Influence of Vitamin D on the Parathyroid 


Secretory Response to Hypocalcemia, A. M. A. 
Am. J. Dis. Child. 88:667, 1954. 


News and Comment 


ANNOUNCEMENTS 


Program of Annual Symposium on Fundamental Cancer Research.—The 10th Annual 
M. D. Anderson Symposium on Fundamental Cancer Research will be held March 29, 30, and 31 
at the University of Texas M. D. Anderson Hospital and Tumor Institute, in the Texas Medical 
Center, Houston. 


The general topic for the symposium is “Cellular Metabolism of Tumors.” 

The first day of the Symposium will consist of open house at the M. D. Anderson Hospital 
and presentation of reports on the scientific research projects conducted at the hospital. 

Friday, March 30, will be devoted to papers on “Nucleic Acid Metabolism.” Dr. Van R. 
Potter, Professor of Oncology at the University of Wisconsin McArdle Memorial Laboratory for 
Cancer Research, will serve as Chairman and introduce the subject. 


Reports will be presented on “Nucleic Acid Synthesis in Regenerating Liver,” by Dr. C. P. 
Barnum, of the Department of Physiological Chemistry, University of Minnesota; “Purine 
Synthesis in Ascites Tumor Cells,” by Dr. G. A. LePage, University of Wisconsin McArdle 
Memorial Laboratory; “The Enzymatic Synthesis of the Purines and the Effect of Azaserine in 
These Reactions,” by Dr. J. M. Buchanan, Division of Biochemistry at Massachusetts Institute 
of Technology, and “Nucleic Acid Metabolism and Cancer Chemotherapy,” by Dr. Howard E. 
Skipper, of the Southern Research Institute, Birmingham, Ala. 

The afternoon sessions will consist of “The Effect of Malignancy upon Nucleic Acid Metab- 
olism in Norma! Tissues,” by Dr. A. Clark Griffin, Biochemistry Department, M. D. Anderson 
Hospital ; “The Distribution of Newly Synthesized DNA in Mitotic Divisions,” by Dr. Walter 
S. Plaut, Department of Botany, University of Wisconsin, and Dr. D. Mazia, Department of 
Zoology, University of California; “The Effect of Antipyrimidines on Nucleic Acid Metabolism,” 
by Dr. Arnold Welch, Department of Pharmacology, Yale University School of Medicine, and 
“Thymine Deficiency and the Induction of Cell Death,” by Dr. Seymour S. Cohen, Department 
of Pediatrics, University of Pennsylvania School of Medicine. 


Saturday’s program will feature the following reports: “Anticancer Activity of Plant 
Extracts,” by Dr. Alfred Taylor, of the University of Texas; “Metabolism in Germ-Free 
Animals,” by Dr. T. D. Luckey, University of Missouri; “Progressive Biochemical Change in 
the Leukemic Mouse,” by Dr. Roy B. Mefford, Jr., of the Southwest Foundation for Research 
and Education, San Antonio; “Studies on the Enhancement of the Mutation Rate by Carcino- 
gens,” by Dr. Edgar Altenburg, Rice Institute; “Precancerous Metabolic Alterations in the 
Process of Azo Dye Carcinogenesis,” by Dr. J. D. Spain, M. D. Anderson Hospital, and 
“Carcinogenesis in the White Pekin Duck,” by Dr. R. H. Rigdon, of the University of Texas 
Medical Branch. 

The presentation of the Sixth Annual Bertner Award and Bertner Lecture will be made on 
Friday evening, March 30. Previous recipients of the Bertner Award are Dr. Fred Stewart, the 
late Dr. George Milton Smith, Dr. Charles B. Huggins, Dr. Francis P. Rous, and Dr. George 
Nicolas Papanicolaou. 

Dr. Grant Taylor, Dean of the University of Texas Postgraduate School of Medicine and head 
of the Department of Pediatrics at M. D. Anderson Hospital, is General Chairman of the 
Symposium. 
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Books 


Lehrbuch der speziellen pathologischen Anatomie. Vol. 1, Part 3. By Eduard Kaufmann; 
edited by Prof. Dr. Martin Staemmler. Price, 58 German marks. Pp. 421, with 107 illus- 
trations. Walter de Gruyter & Co., Genthinerstrasse 13, Berlin W 35, 1955. 

The third part of the first volume of the “New Kaufmann” deals with blood dyscrasias and 
diseases of the blood-forming organs. It is written by Rotter and Biingeler. According to its 
content and length it is an extensive monograph rather than a chapter of a textbook. After a 
general discussion of the various normal elements of the blood, the reticuloendothelial system 
and the bone marrow are reviewed with special reference to hemocytopoiesis. This is followed 
by the diseases, including anemias, brought about by bone marrow insufficiency. Reticulo- 
endotheliosis, etc., is discussed as hyperplasia of blood-forming tissues and organs, while 
leukemia is considered among the hyperplasias of the blood-forming parenchyma. Contrary to 
most views, leukemias are not regarded as malignant tumors but as expression of a special 
reactive and compensatory, although insufficient, hyperplasia. An interesting discussion stating 
the various reasons for and against the concept of leukemia as neoplasm is included. Hodgkin's 
disease is regarded as a granulomatosis and classified as a specific infection, probably caused 
by a lymphotropic virus. 

Hemolytic anemias are considered in great detail, followed by a review of diseases with 
hemorrhagic diatheses and various changes of the blood plasma proteins. Included there are 
primary and secondary amyloidosis. A discussion of disease of lymph nodes and spleen con- 
cludes this volume. 

Rotter and Biingeler have entirely covered their subject. Various opinions are given, but the 
authors do not hesitate to state their own concepts. This is often refreshing though contrary to 
more or less accepted dogmas. While completeness and thoroughness are, of course, desirable, 
there are often so many irrelevant details included that one not perfectly familiar with the 
subject is lost in a sea of pros and cons. This makes the volume unsuitable for medical students 
but of value for those who have training in this specialty and have formed their own opinions. 
There are only a few illustrations, which also minimizes the value of the book as a text. 
However, a number of useful tables and schematic drawings are included. The German is rather 
difficult to understand with its long and involved sentences. Another handicap is the use of too 
many abbreviations. To understand these one must waste time locating explanations which are 
given somewhere in the chapter, on a different page. It would be helpful if all these were 
systematically arranged at the beginning of each chapter. 


Lehrbuch der speziellen pathologischen Anatomie. By Eduard Kaufmann, edited by 
Prof. Dr. Martin Staemmler. Vol. 1, Part 4. Price, 62 German marks. Pp. 448, with 
263 illustrations. Walter de Gruyter & Co., Genthinerstrasse 13, Berlin W35, 1955. 

This book is the fourth part of Volume 1 of the new “Kaufmann” written by H. Merkel. Most 
of it deals with the diseases of the alimentary tract, including the peritoneum. It is a very 
comprehensive presentation of gross and microscopic changes with various explanations. It 
deals with causative factors and discusses in detail many opinions, often with numerous refer- 
ences to the literature, although this is not done consistently. Thus, there is only a short dis- 
cussion of lymphoepithelioma, whereas the reviewer would have liked a more critical analysis 
as to the existence of these tumors. 

Excellent is the chapter on Peptic Ulcers. The various theories are discussed in detail together 
with the results of experimental production of gastric ulcers. Remarkably good gross pictures 
of these stomach lesions are included. Unfortunately, in the discussion of a possible relationship 
of ulcer and carcinoma the author does not express his own views. The enteritides are discussed 
in detail. Challenging is the statement that in infants unexpected death is principally due to 
bronchiolitis and acute catarrhal gastroenteritis. Pseudomembranous enteritis is described, but 
no mention is made of its role as a postoperative complication, the possibility of a Staphylococcus 
as its cause, and its possible relationship to antibiotics. Interesting is a discussion of “enteritis 
gravis,” a disease observed in Germany during 1946 to 1948, involving especially the jejunum 
with a rigid rubber-hose-like appearance of the intestinal tract with severe edema, necrosis, and 
irregular ulcerations. 

Also included is a chapter on diseases of the teeth, by D. W. Myer. This is a very welcome 
addition usually not detailed in our texts on Pathology. It starts with histology and embryology 
of the teeth and is followed by a review of caries, pulpitis, and apical parodontitis. Involutionary 
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and dystrophic changes leading to loosening of teeth are summarized under the term “Parodonto- 
pathies” and are discussed separately. Tumors are considered in the last chapter. 

There are two hundred sixty-three illustrations. Many of the gross pictures are of superb 
quality. However, some of the microscopic pictures seem out of focus and could certainly be 
improved. This book, like the previous volumes, is very informative and will often be used. 


Clinical Biochemistry. By Abraham Cantarow, M.D., and Max Trumper, Ph.D. Price, $9.00. 
Pp. 738, with 54 illustrations. W. B. Saunders Company, 218 W. Washington Sq., Phila- 
delphia 5, 1955. 


The fifth edition of this volume, appearing six years after the previous edition, has been 
extensively rewritten and brought up to date. The organization of the book is similar to that 
of a standard textbook of biochemistry. It is written primarily for clinicians and medical students. 
No attempt has been made to include material that is not relevant to biochemical approaches to 
the diagnosis or management of clinical disorders. A very convenient table of normal chemical 
values is presented on the inside of the back leaf. 


Klinische Zytologie der Thoraxkrankheiten. By Heinz Grunze, M.D. Price, $14.00. Pp. 
190, with 154 illustrations. Ferdinand Enke Verlag, Hasenbergsteige 3, Stuttgart, W., 1955. 


The present volume on clinical cytology of thoracic diseases is written by an outstanding 
specialist in thoracic medicine and hematology. The work considers all thoracic material having 
a potential for cytological examination rather than sputa or bronchial secretions only. The 
author describes the cytology of lymph node punctates, pleural exudates, sputa, bronchial secre- 
tions, and thin needle aspiration of thoracic specimens. Common and relatively unusual techniques 
of obtaining cytological material also are given detailed elaboration. 

Both black-and-white and colored photographic illustrations are excellent. However, for the 
cytologist who is acquainted with the Papanicolaou method many photomicrographs may 
represent somewhat of a problem, since the author uses the May-Griinwald-Pappenheim technique 
for the majority of his smears. With this technique the smears are permitted to dry prior to 
fixation, sometimes producing confusing nuclear variations, such as vacuolation and unchar- 
acteristic changes in nuclear-cytoplasmic ratios of these air-dried cells. 

The monograph is of considerable value for various reasons: for its excellent descriptions of 
normal and abnormal cytological findings ; for its detailed description of the technical procedures 
involved, including even the type of anesthesia to be used; for its advice to the clinician as to 
which technique he should use in obtaining specimens according to the clinical findings, and for 
its extensive review of the modern cytological literature. 

It is a book written by a clinician and expert cytologist for the cytologist and for the cyto- 
logically interested clinician. It would be very worth while to translate this monograph into 
English, as there is no comparable work in American medical literature. 


Transactions of the Fifth Meeting of the International Society of Geographical 
Pathology. Reprinted from Schweizerische Zeitschrift fiir allgemeine Pathologie und 
Bakteriologie, Volume 18, 1955. Price, 67.60 francs. Pp. 565, with 178 illustrations. 
S. Karger AG., Arnold Bécklinstrasse 25, Basel, and Mr. Albert J. Phiebig, P. O. B. 352, 
White Plains, N. Y., 1955. 


The Transactions of the Fifth Meeting of the International Society of Geographical Pathology, 
which was held in Washington, D. C., in September of 1954, have now been reprinted in book 
form from the Schweizerische Zeitschrift fiir aligemeine Pathologie und Bakteriologie, Volume 
18, 1955. The volume gives all participants of the conference a convenient permanent record 
of the scientific proceedings and all others an opportunity to explore at leisure many facets of 
the Geographical Pathology of Cancer. 

The first part of the book is devoted to papers on geographical pathology of cancer in general, 
and this is followed by five other chapters, discussing cancer of the stomach, liver, breast, uterus, 
and lung in particular. The number of papers in each of these six chapters varies from five to 
twelve. The contributions range from carefully prepared, critical, and extremely informative 
accounts of original research to superficial abstracts of little permanent value. Despite the 
unevenness in presentation, which is inherent and practically inevitable in the publication of the 
proceedings of a meeting of this size, the wealth and diversity of material collected in this one 
volume makes fascinating and stimulating reading. The volume is introduced by the first Askanazy 
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Lecture, delivered at the Conference by F. Henschen on “Hereditary Disease in the Four Nordic 
Countries.” 


Die Cytologie des Bronchialsekretes. By P. Hartmann, M.D. Price, $6.60. Pp. 110, with 68 
illustrations. Georg Thieme Verlag, Herdweg 63, Stuttgart, and Intercontinental Medical 
Book Corporation, New York 16, N. Y., 1955. 

The method which exfoliative cytology and histology apply in the diagnosis of malignancy 
is based on similar quantitative criteria. It is, therefore, fortunate that a well-trained pathologist, 
Dr. P. Hartmann, has utilized his experiences in both pathology and exfoliative cytology of the 
bronchial secretions in producing this very understandable presentation. 

The author obviously restricts his treatise to the description of those cells occurring in the 
bronchial smears so that he will be able to bring to us a more detailed, more intensive cyto- 
morphological study, extensively illustrated and well-substantiated. 

The monograph contains excellent illustrations of cells occurring under normal and patho- 
logical conditions in the bronchial secretions. The various cells are discussed in relation to the 
histological structures of the lesions. The various techniques of obtaining bronchial secretions for 
cytological examinations are discussed. 

The monograph is a worth-while contribution and demands our consideration because of its 
systematic structure, clear but detailed comparison of cytological with histological findings, and 
its excellent photomicrographs. 


Human Pathology. By Howard T. Karsner, M.D., LL.D. Price, $15.00. Pp. 960, with 557 
illustrations and 14 color plates. J. B. Lippincott Company, 227-231 S. Sixth St., Phila- 
delphia 5, 1955. 


The eighth edition of this well-known textbook appears six years after the previous edition. 
Many changes and additions have brought the text and bibliography up to date. An entirely 
new chapter on Diseases of the Nervous System has been written by Dr. Webb Haymaker. The 
presentation is consistent and well organized; the illustrations are exceptional and beautifully 
reproduced. For these reasons alone this textbook will continue to be popular. Many chapters, 
for example, the chapter on Disturbances of Circulation, are exceptional. A tew chapters, for 
example, the chapter on Inflammation, are less detailed than counterparts in several of the 
“multiple author” textbooks of pathology. Pathologists will be glad to know that this excellent 
textbook has been revised again. 


Henry Ford Hospital International Symposium on Cardiovascular Surgery. Edited by 
Conrad R. Lam, M.D. Price, $12.75. Pp. 543, with illustrations. W. B. Saunders Company, 
218 W. Washington Sq., Philadelphia 5, 1955. 

This book reports the discussions of the International Symposium held at the Henry Ford 
Hospital on March 17-19, 1955, Editor, Conrad R. Lam. The book is most unusual in that it 
is a record of discussions of cardiovascular problems by most of the leading physicians and 
surgeons working in this field both in the United States and abroad. This discussion is based not 
only on completed work but on current problems, many of which still remain controversial. Much 
of the discussion is of the informal type, which encouraged free interchange of ideas and experi- 
ences of those working on similar problems. 

The content of the book includes a wide variety of problems dealing with diagnosis and treat- 
ment of major cardiovascular lesions. Altered physiology and pathology as well as a discussion 
of diagnostic techniques in addition to the clinical features and surgical management of various 
lesions are included. Hypothermia anesthesia is given a prominent position in the program. 
Adjustments between the systemic and pulmonic circulation as well as such conditions as cardiac 
arrest are dealt with. Anatomical structures such as valvular lesions, septal defects, vascular 
lesions, including extrathoracic vessels, received the major part of consideration. Of the 
valvular lesions, mitral stenosis and regurgitation, aortic stenosis and regurgitation, and pulmonic 
stenosis are generously dealt with. Surgical therapy of aneurysms, both of the thoracic and 
abdominal aorta, is discussed and illustrated. The value of controlled crossed circulation or 
continuous arterial reservoir perfusion and hypothermia in operations for septal defects are 
emphasized. Pathologic anatomy and altered physiology in relation to clinical features and 
surgical management are given a prominent position in this symposium. 

This book should be of value especially for thoracic and vascular surgeons and cardiologists 
but would also be useful to anyone interested in this field. 
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ISIMPLASTIN 


the test of patient safety 


A dependable guide to anticoagulant dosage 
must give accurate, reproducible results with 
plasma from patients who are actually on anti- 
coagulant therapy. Reagents standardized only 
against normal controls may not be accurate 
in the upper ranges of prothrombin time. 


Simplastin (specially prepared thromboplastin- 
calcium) is rigidly standardized against both 
norma! and dicoumarolized plasmas, whole 
and in dilution. 


You can confirm the ease, accuracy and uni- 
formity of Simplastin in your own laboratory. 
With the attached coupon you may obtain 
three 20-determination vials of Simplastin. 
Prepare them (simply, with only the addition 
of distilled water) and test each against the 
same plasma of a patient now on anticoagulant 
therapy. 


Then repeat, using the same blood and three 
vials of any other thromboplastin reagent (old- 
style or newer type). Compare reproducibility 
for yourself, then judge Simplastin’s ease of 
use, accuracy and dependability. 

For the laboratory, Simplastin saves valuable 
time and effort .. . for the clinician, it provides 
a dependable and accurate guide.':?* 
Supplied in boxes of 10: 6-determination or 
20-determination vials. 


1. Schilling, F. J.; De Natale, A., and Mottram, F. C.: Am. 
J. M. Sc. 222:207 (Aug.) 1951. 2. Shapiro, S., and Weiner, 
M.: J. M. Soc. New Jersey 48:1 (Jan.) 1951. 3. Shapiro, S., 
et al.: Am. Heart J. 40:766 (Nov.) 1950. 


Simplastin 


simple for the technician 
accurate for the clinician 


Without obligation on my part, please send me 
three 20-determination vials of Simplastin. 


-€HILCOTT. 


Supply Division 
3 West 18th Street 
11, New York 
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NEW VARIABLE 
SPEED ROTATOR 
FOR 


V.D.R.L. AND OTHER 
SEROLOGICAL TESTS 


SLIDE CARRIER 
holds nine slides 


Anodized aluminum slide carrier fits 
firmly over rotator platform. Finger 
holes by each slide allow easy slide re- 
moval. Model 21-153 holds nine 50 by 
75mm slides . . . Model 21-155 nine 58 
by 75mm slides. Both models $9.00 
each. 


New Eberbach Variable Speed Rotator oper- 
ates at any rate selected within its speed 
range of 100 to 200 R.P.M. without varia- 
tion in speed due to temperature, line volt- 
age, load conditions or length of operation. 
Continuous operation or set for 0 for 30 
minutes. Rotator $86.00. Write for bulletin 
. 210-E 


CORPORATION 


PLASTIC 


MICROSCOPE 


COVERSLIPS 


V4 the price of glass 
> Lar 

22 to 24x 
00 te to = (1000 to box) 
- $3.50 $5.00 


2M to OM. . $5.00 $7.00 
less than 2M . $7.00 $9.00 


UNBREAKABLE 
LIE FLAT 

WON’T CUT FINGERS 
for UROLOGY 
PARASITOLOGY 
BLOOD SMEARS, etc. 


sizes 
60 


ROBERT BUSSE & CO., Inc. 


64 EAST 8th ST. N.Y.3 GR. 5-8783 
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BOOKLETS ON 
MENTAL HYGIENE 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T. 
R. Retlaw. 8 pages. 15 cents. 


MESMERISM MINUS MESMER. 


Stefan Zweig. 
discussion of hypnotism. 5 pages. 5 cents. 


A 


JOE'S NERVOUS BREAKDOWN. John E. Eichenlaub. 
6 pages. 10 cents. 


YOUR STAKE IN MENTAL HEALTH. 
Stevenson. 4 pages. 10 cents. 


George 8. 


WHERE MENTAL PATIENTS RULE THEMSELVES. 
Murray Teigh Bloom. 4 pages. 10 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 
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Drawer Cabine 


Low Cost 


FOR FILING 

MICROSCOPIC SLIDES 3 x 1” 

KODACHROME TRANSPAR- 
ENCIES 

2 x 2” SLIDES 

LANTERN SLIDES 

(up to 34% x 4%) 

PETROGRAPHIC SLIDES 


When you purchase a 
PARAGON TRAY DRAWER CABINET 
YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—1834 x 1534 x 434 


All Paragon Tray Drawer Cabinets 
are manufactured in standard sizes 
so that any number of sections may 


be interlocked to form one cabinet 
to accommodate any number of 
varied slides. The dimenSions of the 
different cabinets are the same as 
to length and width, varying only in 
height. The cabinet formed by inter- 
locking may be 1834 x 1534; 1834 x 


11 or 1834 x 5 or it may be a pyramid 
with the sections varying in width. C221—Capacity 1500 Slides—1834 x 11 x 37% 


For Filing KODACHROME TRANS- 
PARENCIES and 2x2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of 
reinforced steel construction, olive green finish. Interlocking device enables 
several units to be joined into one. Each sectional unit contains remov- 
able drawers with hand grip in front and rear. Interlocking steel base 
obtainable whenever required. Constructed according to rigid specifica- 
tions—not merely adapted. 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON & C. CO., nc. . 2540 Beimont Ave., New York 58, 
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what a 


difference 


64,000 
lumens 


make! 


difference between viewing of a steady brilliant image or eye-strain- 
ing squint at a dim flickering one. 


difference between projecting bright images up to ten feet across 
under the highest powers of the microscope or enduring 
low magnifications that do not show sufficient detail for 
a definitive diagnosis. 


difference between the blue-white color of Scopicon projection 
which displays biologic stains to best advantage or vary- 
ing color temperatures which distort color values. 


differeme€e between a steady light which does not require further 
adjustment or a flickering, wavering light source requir- 
ing constant recentering. 


ULTIMATE IN MICROPROJECTION 


. 


SCOPICON, INC. 
Chauncey, New York 
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